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S (such as in 5S RNA): ►sedimentation coefficient 
s: ►selection coefficient 

s: Standard deviation of a set of experimental observa¬ 
tions. ► a parametric 

cr: The measure of superhelical density of DNA. 


a: Yeast transposable element. ►Ty 

o - : A viral infectious hereditary agent of Droso- 
phila>C 0 2 sensitivity, ►infectious heredity 

o - : 387 bp region intercalated between the two S 
elements in opposite orientation of the complex R 
locus of maize, ►paramutation, ►tissue specificity, 
►R locus of maize 

S8: A ribosomal protein with binding site at the 
597-599/640-643 at the hairpin of the 16S rRNA 
and it is required for the assembly of the 3OS small 
ribosomal subunit (see Fig. SI), ►ribosomes 


cr: A subunit of prokaryotic RNA polymerase enzyme, 
essential to start transcription in a specific way. This 
factor opens the double helix for the action of the 
RNA polymerase. Also, the a 70 is involved in 
pausing of transcription. The a 70 recognition sites 
consist of two hexamers located at -10 and -35 
positions from the transcription start point. The sigma 
factor can melt promoter independently from the 
RNAP (polymerase) protein (Hsu H-H et al 2006 Cell 
2006 127:317). The g 70 s are in excess ofthe polymer¬ 
ase enzyme and there is a competition for the enzyme 
molecules among the a 70 units (Grigorova I et al 2006 
Proc Natl Acad Sci USA 103:5332). The g 38 subunits 
are used at the stationary phase of growth, o 28 is a 
minor subunit transcribing only less than two dozen 
genes, o 54 , another minor subunit binds to the 
promoter even in the absence of the core polymerase. 
In the synthesis of stress proteins o 32 and g 24 are used. 
Usually the g 70 is released from the polymerase 
(RNAP) at the beginning of the elongation of 
the transcript or shortly afterwards. However, some 
of them stay on throughout elongation and regulate 
gene expression depending on the cellular circum¬ 
stances. The g elements are complexed with anti-G 
proteins when not in use. In some algae the protein 
present in the chloroplast is encoded by the nucleus. 
In several plant species, the same polypeptide is 
coded for by the chloroplast DNA. ►RNA polymer¬ 
ase, ► open promoter complex, ►sigma factor, 

► chloroplast, ►chloroplast genetics, ►rpo, ►Prib- 
now box, ►transcription factors, ►UP elements, 
►DnaJ; Dartigalongue C et al 2001 J Biol Chem 
276:20866; Marr MT et al 2001 Proc Natl Acad 
Sci USA 98:8972; Bar-Nahum G, Nudler E 2001 Cell 
106:443; Kuznedelov K et al 2002 Science 295:855; 
Mekler V et al 2002 Cell 108:599; Nickels BE et al 
2005 Proc Natl Acad Sci USA 102:4488; review: 
Mooney RA et al 2005 Mol Cell 20:335; anatomy of 
E. coli g 70 : Shultzaberger RK et al 2007 Nucleic 
Acids Res 35:771. 

a: The parametric designation of standard deviation. 

► standard deviation, ►standard error 


<-643 

Figure SI. Hairpin 


S-9: ►microsomes, ►Ames test 

S 35 or 35 S: Sulfur isotope, ►isotopes 

S49: A mouse lymphoma cell line. 

S Alleles: Control self-sterility in plants, ►self- 
incompatibility, ► incompatibility alleles 

S Cytoplasm: Present in some cytoplasmically male 
sterile lines, ►cms 

S Factor: A mitochondrial plasmid-like element in male 
sterile plants, ►cms 

S6 Kinase (RSK, S6K): The collective name for the 
cytosolic p70 s6k and the nuclear p85 s6k kinases that 
phosphorylate the S6 ribosomal protein before the 
initiation of translation. The supply of amino acids 
affects the process. Mutation in the genes results in 
reduced cell and body size. Mice deficient for S6K 
are glucose intolerant and hypoinsulinemic. S6K is an 
effector of mammalian TOR. The carboxyl end of S6 
and the phosphorylation sites within are highly 
conserved from Drosophila to humans, ►translation 
initiation, ►platelet-derived growth factor, ►phos- 
phatidylinositol, ^S6 ribosomal protein, ►5'-TOP, 
► cell size, ►insulin, ►TOR; Duffer A, Thomas G 
1999 Exp Cell Res 253:100; Urn SH et al 2004 Nature 
[Lond] 431:200. 

S Locus: ► selfsterility alleles 

SI Mapping: When genomic DNA is hybridized with the 
corresponding cDNA or mRNA the non-homologous 
sequences cannot find partners to anneal with, and the 
single-stranded loops can be digested with SI nuclease 
(see Fig. S2). The remaining DNAs that formed 
double-stranded structure can then be isolated by gel 
electrophoresis or their position and length can be 
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determined by autoradiography if appropriately labeled 
material was used. Thus, intron positions are revealed. 
► introns, ►SI nuclease, ►DNA hybridization, ►ge¬ 
nomic DNA; Favaloro J et al 1980 Methods Enzymol 
65:718; Dziembowski A, Stepien PP 2001 Anal 
Biochem 294:87. 


SAA: Serum amyloid A. ►amyloidosis 

SABE (serial analysis of binding elements): A method 
for identification of DNA-binding transcription 
factors. ►SAGE; Chen J, Sadowski 12005 Proc Natl 
Acad Sci USA 102:4813. 


mRNA or cDNA 


... 

. 1 


j J* S 

Intron loop * Genomic DNA 


Figure S2. SI mapping 


S-Adenosylmethionine (SAM): A methyl donor for 
restriction-modification methylase enzymes, and gen¬ 
eral methylation of DNA; synonymous with Adomet. 
Folic acid and other compound contribute indirectly 
to SAM synthesis and methylation. ►methylation 
of DNA 


Si Nuclease: Si Nuclease from Aspergillus oryzae 
cleaves single-stranded DNA (preferentially), and 
single-stranded RNA. Double-stranded molecules 
and DNA-RNA hybrids are quite resistant to it unless 
used in very large excess. The enzyme produces 
5'-phosphoryl mono- and oligonucleotides. Si has 
many applications in molecular biology: mapping of 
transcripts, removal of single-stranded overhangs 
from double-stranded molecules, analysis of the 
pairing of DNA-RNA hybrids, opening up “hairpin” 
structures. Its pH optimum is 4.5 and this may cause 
unwanted depurination. ►nucleases, ►SI mapping, 
see figure of hairpin structure; Kormanec J 2001 
Methods Mol Biol 160:481. 

S Phase: S phase of the cell cycle when regular DNA 
synthesis takes place, ►cell cycle 

S Protein: ►vitronectin 

SI Ribosomal Protein: Binds to U-rich sequences 
upstream of the Shine-Dalgamo sequence and may 
promote translation. ►Shine-Dalgamo sequence, 
►translation; Boni IV et al 2001 EMBO J 20:4222. 


S-Adenosylmethionine Decarboxylase (AdoMetDC): 
An enzyme involved in the biosynthesis of spermi¬ 
dine and spermine. For its activity, it is essential to 
contain a covalently bound pymvoyle end group to 
the a-subunit of the dimeric enzyme (see Fig. S3). 
This enzyme is found in both prokaryotes and 
eukaryotes, ►spermidine, ►spermine; Li Y-F et al 
2001 Proc Natl Acad Sci USA 98:10578. 

O 
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H 

o 

Figure S3. Pyruvoyle 


SAC: A regulator of nuclear export and the cell cycle, 
►nuclear pore, ►nuclear export factors 

Saccades: Abmpt changes in the fixation of the eyes 
during scanning objects directed by the reflex center 
of the brain (superior colliculus). 


S6 Ribosomal Protein: Phosphorylated at about 5 serine 
residues near its C terminus, and the phosphorylated 
state is correlated with the activation of protein 
synthesis on the ribosomes; the phosphorylation is 
stimulated by mitogens and growth factors, ►ribo¬ 
some; Recht MI, Williamson JR 2001 J Mol Biol 
313:35. 

5S RNA: ►ribosomal RNA, ►ribosomes; Artavanis- 
Tsakonas S et al 1977 Cell 12:1057. 

6S RNA: Binds a 70 RNA polymerase in response to 
limited nutrient supply of bacteria and represses its 
transcriptional activity (Wassarman KM, Storz G 
2000 Cell 101:613) and assures cell survival 
(Trotochaud AE, Wassarman KM 2004 J Bacteriol 
186:4978). ^B2 RNA, ^7SK RNA, ►SRA RNA, 
►RNA regulatory 

7S RNA: ►RNA 7S 


Saccharin: A non-caloric sweetener; hundreds of times 
sweeter than sucrose. Oral LDLo for humans is 5 
g/kg; it has been a suspected carcinogen and mutagen 
but later studies did not confirm its classification as a 
carcinogen. ►LDLo, ►aspartame, ►fructose 

Saccharomyces cerevisiae : The eukaryotic budding 
yeast has chromosome number n = 16, its genome 
sizes is about 1.2 x 10 7 bp, approximately three times 
that of the prokaryotic E. coli. Recent sequencing and 
knockout information contradicted earlier estimates 
that less than 10% of its genome would be repetitive. 
A newer study estimates gene duplication (concerted 
evolution) and gene conversion rate to be about 
25 million years and about 28 times of the mutation 
rate (Gao L-Z, Innan H 2004 Science 306:1367). In 
chromosome III of 55 open reading frames only 3 
appeared indispensable for growth on a rich nutrient 
medium. Of 42 other genes, only 21 displayed 
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a phenotype. This information points to redundancy 
even in this small genome. This conclusion may be 
misleading, however, because some genes are called 
to duty only under specific circumstances. Its entire 
genome was sequenced by 1996. The 5885 open 
reading frames are encoded by 12,068 kb. About 
140 genes code for rRNA, 40 for snRNA and for 
270 tRNA. About 11% of the total protein produced 
by the yeast cells (proteome) has metabolic function, 
3% is involved in DNA replication and energy 
production, respectively; 7% is dedicated to tran¬ 
scription, 6% to translation and 3% (ca. 200) are 
different transcription factors. About 7% is concerned 
with transporting molecules. About 4% are structural 
proteins. The original gene number estimate has been 
since reduced to 6128 or fewer, and some studies 
consider the number only 5726 (Kellis M et al 2003 
Nature [Lond] 423:241). Promoters, terminators, 
regulatory sequences and intergenic sequences with 
unknown functions occupy about 22% of the genome. 
The majority of yeast genes are not absolutely 
essential for survival or function (Giaever G et al 
2002 Nature [Lond] 418:387). Many proteins are 
involved with membranes. In rich nutrient media its 
doubling time is about one and half-hour. The organ¬ 
ism has regular meiosis and mitosis. The vegetative 
multiplication is by budding (budding yeast), i.e., the 
new (daughter) cell is formed as a small protrusion 
(bud) on the surface of the mother cell. Haploid cells 
may fuse to generate diploidy and the diploid cells 
may undergo meiosis (sporulation), and the four 
haploid products are retained in an ascus as an 
unordered tetrad. The haploid cells may have a or a 
mating type. Although budding yeast is eukaryotic it 
can be cultured much like prokaryotes, and thus it 
combines many of the advantages of both groups of 
organisms. 

The yeast cell can be spherical (oblong) as 
represented in Figure S4 or they may become 
psdeudohyphal (filament-like) in appearance. MAPK, 


PKA and AMPK proteins mediate this switch of 
growth type. Approximately 25-30% of the human 
genes have significant homology with a yeast gene. 
The present genome might have evolved through 
extensive duplications. Baker’s yeast is not a 
pathogen but may be harmful for immune- 
compromised individuals (Wheeler RT et al 2003 
Proc Natl Acad Sci USA 100:2766) and it is 
considered to be an opportunistic pathogen, ►mating 
type determination in yeast, ►fungal life cycles, 
►mtDNA, ►tetrad analysis, ►YAC, ►duplication, 
►yeast vectors, ►yeast transformation, ►yeast trans- 
posable elements, ►gene replacement, ►synthetic 
genetic array, ► synthetic lethal, ►transcript mapping, 
► Schizosaccharomyces , ►databases, ►MAPK, 
►PKA, ►AMPK; sequencing: ftp://ftp.ebi.ac.uk/ 
pub/databases/yeast; protein coding sequences: ftp:// 
ftp. ebi. ac .uk/pub/databases/lista; http ://genome- 
www. Stanford. edu/Saccharomyces ; http ://www. 
y eas tgenome. org/; http ://mips. gsf. de/genre/proj / 
yeast/; yeast introns: http://www.cse.ucsc.edu/re 
search/compbio/yeast_introns.html; Triples: http:// 
bioinfo.mbb.yale.edu/e-print/genome-transposon- 
nature/text.htm; phenome: http://prophecy.lundberg. 
gu.se; transcriptional regulation: http://www.yeas 
tract.com; protein-protein interaction: http://mips. 
gsf.de/genre/proj/mpact; proteomics, fluorescence 
microscopy: http://www.yeastrc.org/pdr/; Dwight SS 
et al 2001 Nucleic Acids Res 30:69; Barnett JA, 
Robinow CF 2002 Yeast 19:151 and 745; Mackiewicz 
P et al 2002 Yeast 19:619; 4000 interactions among 
1000 genes: Tong AHYet al 2004 Science 303:808. 

SACO (serial analysis of chromatin occupancy): Detects 
the binding sites of proteins along the chromosome. 
(See Impey S et al 2004 Cell 119:1041). 

Sacral Agenesis (Currarino triad): A malformation of 
the caudal (tail) end of the notochord. Genes at human 
chromosomes 7q36 and Iq41-q42 may affect its rare 
dominant expression. ►Currarino triad, ►notochord 


Budding cells (2 n) 



Figure S4. Life cycle of budding yeast 
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SAD Mouse: An animal model for human sickle cell 
anemia. It produces polymerized hemoglobin due to 
mutations in p globin, Hb SAD . ►sickle cell anemia; 
Martinez-Ruiz R et al 2001 Anesthesiology 94:1113. 

SADDAN (severe achondroplasia with delayed develop¬ 
ment and acanthosis nigricans): ►achondroplasia, 

► acanthosis nigricans 

SADR (serious adverse drug reaction): Considered the 
fourth leading cause of human death, it claims 
100,000 fatalities and affects about 2,000,000 
persons each year in the USA due to marketed 
medicine. Individual reaction to specific drugs varies 
and certain ethnic groups include more vulnerable 
genotypes than others. Besides beneficial effect, 
many drugs have unknown side effects. It is highly 
desirable to develop test that would predict the 
genetic bases of SADR. With the progress of genomic 
information there are potentials for clinical applica¬ 
tion of such tests. The European pharmacogenomics 
project EUDRAGENE, the Canadian Genotypic 
Adjustment of Therapy in Childhood (GATC) and 
various programs of the US National Institute of 
Health (Pharmacogenetics Research Network) are 
seeking solutions for the problems, ►drug develop¬ 
ment, ►metabonomics, ►genetic medicine, ►phar¬ 
macogenetics, ►pharmacogenomics; Giacomini KM 
et al 2007 Nature [Lond] 446:975. 

Saethre-Chotzen Syndrome: ►Chotzen syndrome 

SAF: SKP-associated factors, F-box proteins. ►SKP, 
►F-box 

Safety: ►laboratory safety, ►chemicals hazardous, 
►recombinant DNA and biohazards, ►radiation 
hazard assessment, ►cosmic radiation, ►gloves, 

► environmental mutagens. (See Fleming DO, 
Hunt DL (Eds.) 2000 Biological Safety. Principles 
and Practices, ASM Press, Washington DC). 

Safflower ( Carthamus tinctorius ): An oil crop of 
warmer climates, 2n = 24; other related species have 
2n = 20 or 2n = 44 chromosomes. 

SAGA: A histone acetyltransferase complex of about 
20 different proteins that interact with TBP (TFIID) 
and with gene-specific transcriptional activators. In 
yeast SAGA, SLIK and TFIID complexes appear 
to have some redundant functions. The Chdl (chromo- 
ATPase/helicase-DNA binding domain) links his¬ 
tone (H3, H2B) methylation with SAGA and 
SLIK-dependent acetylation (Pray-Grant MG et al 
2005 Nature [Lond] 433:434). ►histone acetyl¬ 
transferase, ►histones, ►TBP, ►bromo-domain, 
►transcription, ►transcription factors, ►chromatin 


remodeling, ►SNF/SWI; Sterner DE et al 1999 
Mol Cell Biol 19:86. 

SAGE (Serial Analysis of Gene Expression): A proce¬ 
dure that permits the analysis of the function of many 
genes by a sweeping procedure. The first step is to 
isolate all the mRNAs that are produced in a single 
organ, at a particular developmental stage. By reverse 
transcription they are converted into cDNA. The 3' 
ends are then tagged by biotin. The cDNAs are digested 
by a restriction enzyme and the end fragments are 
trapped on streptavidin beads. After that, a second 
restriction enzyme is applied which cuts at least 9 bp 
from the fragments. In a following step, each short 
(9 bp or longer) tag is amplified by PCR and the tagged 
pieces are linked into a single DNA molecule. Then 
each tag is sequenced by an automatic sequencer and 
the tags are counted. In this sweeping manner 20,000 
genes can be monitored in a month. The same effort 
would require years if it would be conducted on 
separate genes. This procedure reveals not just the 
number of expressed genes in that organ but reveals 
also the level of their activity. Some may be expressed 
in a single copy, others may be very active and are 
represented by multiple copies. Long SAGE is a variant 
of the SAGE procedure (Saha H et al 2002 Nature 
Biotechnol 20:508). ►genome project, ►genomics, 
►biotin, ►streptavidin, ►DNA sequencing auto¬ 
mated, ► electrospray MS, ►laser desorption MS, 
►DNA chips, ►expressed-sequence tag, ►microarray 
hybridization, ►microarray analysis, ►SABE, 
►RIDGE; Lash AE et al 2000 Genome Res 10:1051; 
Polyak K, Riggins GJ 2001 J Clin Oncol 19:2948; 
review: Wang CM 2007 Trends Genet 23:42; http:// 
www.sagenet.org; 5' end SAGE rags: http://5sage.gi.k. 
u-tokyo.ac.jp; DEGSAGE, accurate mapping of SAGE 
tags: http://dna.bio.puc.cl/SAGExplore.html. 

SAGE Genie: An innovative new bioinformatics tool 
based on SAGE but providing a single platform for 
acquiring, annotating and interpreting large sets of gene 
expression data. The new technology measures gene 
expression by the frequency of 3' signature SAGE tags 
of 10 bases specifique and unique to each transcript. 
The method permits the analysis of gene expression 
that are up- or down-regulated and allows automatic 
matching of SAGE tags to known transcripts. The 
incorrectly linked or those occurring only once or 
obtained by sequencing errors are filtered out from 
millions of tags. Then confident SAGE tags (CST) are 
obtained. The SAGE Genie permits horizontal com¬ 
parisons (e.g., normal versus cancerous expression) 
and in addition vertical comparisons (e.g., expression 
profiles in different tissues or organs) under any desired 
conditions. This technology appears simpler and has far 
greater specificity than microarrays. The SAGE Genie 
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provides an automatic link between gene names and 
SAGE transcript levels accessible by the Internet: 
http://cgap.nci.nih.gov/SAGE. ►SAGE, ►microarray 
hybridization; Boon K et al 2002 Proc Natl Acad Sci 
USA 99:11287. 

Sagittal (adjective): In the anterior-posterior body plan. 

Saguenay—Lac-Saint-Jean Syndrome (2pl6): A rare, 
recessive, morbid cytochrome oxidase deficiency 
with symptoms similar to Leigh disease. ►Leigh’s 
encephalopathy 

SAHA (suberoylanilide hydroxamic acid): An inhibitor 
of histone deacetylase. 

Saimiri (squirrel monkey): ► Cebidae 

Sainfoin ( Onobrychis vicifolia ): A leguminous forage 
plant; 2n = 14 or 28 (see Fig. S5). 



Figure S5. Onobrychist 


Sal I: Restriction endonuclease with recognition site 
GjTCGAC. 

Salamander: Salamandra salamandra , 2n = 24, Amby- 
stoma mexicanum, A. tigrinum tigrinum (n = 14). The 
estimated genome size of the ambystomas is 7291 
map units, the largest known. (See Voss SR et al 2001 
Genetics 158:735). 

Salicylic Acid (O-hydroxybenzoic acid): A painkiller, 
keratolytic and fungicidal agent; it also mediates the 
expression of disease defense-related responses in 
plants (see Fig. S6). Its methylsalicylate derivative, a 
volatile compound, may carry out airbom signaling 
after infection of plants by pathogens. The PAD genes 


COOH 



Figure S6. Salicylic acid 


encode lipase-like molecules involved in salicylic 
signaling. Salicylic acid activity may be modulated 
by desaturation, ►host-pathogen relation, ►hyper¬ 
sensitivity reaction, ►desaturase, ►aspirin; 
Dempsey DM et al 1999 Crit Rev Plant Sci 18:547; 
Wildermuth MC et al 2001 Nature [Lond] 414:562. 

Saline: The water solution of NaCl; the “physiological 
saline” is 0.9% salt solution for humans. 

Salivary Gland Chromosomes: These are polytenic and 
because of their large size and clear landmarks, have 
been used extensively for cytogenetic analyses of 
Drosophila and other flies. The cultures to be used for 
this type of studies should be less crowded and moist. 
Third instar larvae can be used as they crawl out of the 
medium before the cuticle hardens. The larvae are 
placed in aceto-orcein or into 7% aqueous NaCl on 
microscope slides. A needle is used to hold the larva 
in place, and with a second needle placed behind the 
mouth parts the larva is decapitated and the salivary 
gland is pulled out. In aceto-orcein on a clean slide, 
the nuclei are stained in 5 to 10 min. The chromo¬ 
somes may be spread by gentle pressure on the cover 
slide and after sealing the edge with wax, they can be 
examined under a light microscope, ►polytenic 
chromosomes, ► Drosophila, see Fig. S7; Lifschytz E 
1983 J Mol Biol 164:17; Cold Spring Harb Symp 
Quant Biol 38 1974. 



Figure S7. Salivary gland chromosomes of Drosoph¬ 
ila (Courtesy of Dr. HK Mitchell). Upper right (circled) a 
regular mitotic set of chromosomes at about the same 
scale. (Redrawn after Painter TS 1934 J Hered 
25:465) 
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Salivary Gland Chromosomes and Mapping: Since the 
salivary chromosomes display clear topological 
markers (bands), they can be used to locate deletions, 
duplications, inversions, translocations and can be 
used to associate mutant phenotypes with physical 
alterations. The genetic and cytological maps are 
collinear yet they are not exactly proportional by 
distance, ►coefficient of crossing over, >>Drosophi¬ 
la; Painter TS 1943 JHered 25:465; Bridges CB 1935 
J Hered 26:60. 

Salla Disease: ►sialic acid, ►sialuria 

Salmon: Salmo gardneri , 2n = 58-65. A transgenic 
Atlantic salmon strain carrying the growth hormone 
of the Pacific chinook salmon ( Oncorhynchus 
tshawytscha) and the promoter of the eel-like ocean 
pout ( Macrozoarces americanus ), for an antifreeze 
protein grows twice as fast as its normal counterpart 
and actually thrives on less food. Some other transgenic 
strains do not perform as well (see Fig. S8). ►animal 
hormones, ►antifreeze protein; http://pewagbiotech. 
org/research/fish. 



Figure S8. Coho Salmon (Oncorhyncus kisutch) 


Salmonella: A member of the enteric Gram-negative 
bacteria and as such related to E. coli , and its handling 
ease is similar to it. It is a human pathogen and even in 
the laboratory it requires some caution when mani¬ 
pulated. Several of the related species contaminate 
food and feed supplies and create health hazards. 
F + , F' and Hfr strains are available. Its best known 
transducing phage is P22. The 4,809,037 bp genome 
of Salmonella enterica CT18 and two plasmids, 
pHCMl (multiple-drug-resistance incH 218,159 bp) 
and the cryptic plasmid pHCM2 (106,516 bp) have 
been sequenced. It includes >200 pseudogenes and 
hundreds of insertions and deletions. Salmonella 
enterica serovar Typhimurium LT2 contains 4857 kb 
chromosome and a 94 kb virulence plasmid. Salmonel¬ 
la cholerae suis genome of 4.7 Mb has been sequenced. 
This bacterium primarily infects swine but is also 
pathogenic to humans (Chiu C-H et al 2005 Nucleic 
Acids Res 33:1690). ►histidine operon, ►Ames test, 
►phase variation; Parkhill J et al 2001 Nature [Lond] 
413:848; McClelland M et al 2001 Nature [Lond] 
413:852; Edwards RA et al 2002 Trends Microbiol 
10:94; http://www.salmonella.org. 


Salpiglossis variabilis (Solanaceae): A plant species 
with the rather unusual characteristics where the 
four pollen grains, product of a single meiosis, 
stick together and, therefore can be used for tetrad 
analysis and gene conversion in higher plants, 
►tetrad analysis, ►gene conversion 

Salpingectomy: The sterilization of mammals by removal 
of the Fallopian tube (salpinx) leading to the utems. 
► sterilization humans, ►vasectomy, ►tubal ligation, 
►birth control, ►utems 

Salt Bridges: Non-covalent ionic bonds in multimeric 
proteins. 

Saltation: The unproven evolutionary proposition that 
species (and even higher taxonomic categories) arise 
by non-Darwinian sudden, major alterations, ►hope¬ 
ful monster 

Saltatory Replication: The sudden amplification of 
DNA segments during evolution. 

Salt-Tolerance: Salt-tolerance of plants is regulated by 
the HKT1 (high affinity potassium [K + ] transporter). 
This protein is actually a Na + and K + cotransporter 
and at high K + level results in low level of Na + uptake 
thus conveying some salt tolerance. Ca 2+ is beneficial 
for salt tolerance supposedly under the control of a 
protein sensor displaying about 50% similarity 
to calcineurin and neuronal calcium sensors. The 
Na + /H + antiport protein (NH1X) mediates another 
salt control. Low proline content in the cells causes 
high salt-sensitivity whereas an increase in the level 
of sugar alcohols favors salt tolerance. Another 
potential mechanism for salt tolerance would be the 
improved elimination of the salt from the cells. 
Arabidopsis plants carrying a mutant NHX1 gene 
displayed higher tolerance for sodium and, in 
addition, because of the accumulation of NaCl in 
the vacuoles acquired better exploitation of the soil 
moisture through osmosis. Having salt tolerant crops 
may extend the usage of alkaline soils and may make it 
possible to use seawater for irrigation. Increased 
glyoxylase activity improves salt tolerance (Singla- 
Pareek SL et al 2003 Proc Natl Acad Sci USA 
100:14672). Tobacco plant transgenic for the pea 
DNA helicase 45 (a homolog of the translation 
initiation factor eIF-4A) increased salt tolerance 
without reducing yield (Sanan-Misra N et al 2005 
Proc Natl Acad Sci USA 102:509). The overlapping 
gene pair of Arabidopsis encoding A 1 -pyrroline-5- 
carboxylate dehydrogenase ( P5CDH) and SR05 of 
unknown function can generate a 21-nucleotide 
siRNA that can increase salt tolerance (Borsani O 
et al 2005 Cell 123:1279). ►ion channels, ►calcium 
signaling, ►calcineurin, ►glyoxylate cycle, ►eIF-4a, 
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► Priformospora indica , ►overlapping genes, 
►RNAi; Zhang H-X, Blumwald E 2001 Nature 
Biotechnol 19:765; Zhu J-K 2002 Annu Rev Plant 
Biol 53:247; Shi H et al 2003 Nature Biotechnol 
21:81. 

Salvage Pathway: A recycling pathway, in contrast to 
the de novo pathway, e.g., nucleotide synthesis from 
nucleosides after removal of the pentose followed by 
phosphorybosylation. ►phosphoribosyl transferase, 

► HGPRT, ►HAT medium 

SAM (significance analysis of microarrays): Permits 
statistical distinction between microarray signals, 
►microarray hybridization; Tusher VG et al 2001 
Proc Natl Acad Sci USA 98:5116. 

SAM: ►S-adenosyl-L-methionine, ►substrate adhesion 
molecules 

SAM68 (SRC -associated in mitosis): A phosphoprotein 
and a target of SRC, FYN and ITK kinases during 
mitosis. It also binds to the SH domains of the Grb 
adaptor protein of the cytoplasm and NCK in the 
nucleus. When SAM68 is tyrosine dephosphorylated, 
it binds RNA. A homolog of SAM68 is ETOILE. 

► STAR, ►signal transduction, ►Src 

SAM (system for assembling markers): http://www. 
sanger. ac .uk/Software/sam/. 

Sampling Distribution: The probability distribution of a 
statistic estimated from a random sample and a certain 
size. The sampling distribution is somewhat different 
from the normal distribution that is characterized by the 
mean (p) and the standard deviation (a) inasmuch as 
mean (M) has a standard deviation of o/Vn. 

Sampling Error: Can occur when the population is too 
small or when few individuals are sampled. The 
proper sample size n can be statistically estimated as 

shown in the formula, n = 2 ^ Q ~ Z/j \f where z a is the 

0*i-M 2 ) 

normal deviate for a level of significance a, and z p is 
the normal deviate for p and 1 - P is the power 
required, a 2 is the variance of each population with 
means gi and p 2 chosen or whenever the selection is 
not random, ►drift genetic, ►genetic drift, ►effec¬ 
tive population size, ►founder principle, ►normal 
deviate, ►normal deviation, ►Z distribution 

Sancho: A non-viral retrotransposable element, ►trans- 
posable elements 

Sandhoff’s Disease: Characterized either by the absence 
of both p-hexosaminidase a and p activity or by 
p-hexosaminidase P subunit only. This autosomal 
recessive hereditary defect has very similar symp¬ 
toms to those of the Tay-Sachs disease that is 
caused by p-hexosaminidase a subunit deficiency. 


p-Hexosaminidase p subunit defect blocks the 
degradation of P-galactosyl-A-acetyl-(l—G)-galactose- 
galactose-glucose-ceramide to p-(l—>4)-galactosyl- 
galactose-glucose-ceramide and hexosaminidase a 
normally converts GM 2 ganglioside (neuraminic- 
A-acetyl-galactose-4-galactosyl-A-acetyl-glucose- 
ceramide) into GM 3 ganglioside (neuraminic-A- 
acetyl-galactose-glucose) ceramide. The genes for 
p-hexosaminidase a and P are in human chromo¬ 
somes 15q23-q24 and 5ql3, respectively. Their 
structural similarity indicates evolution by duplica¬ 
tion. ► sphingolipidoses, ► sphingolipids, ►ganglio- 
sides, ►Tay-Sachs disease 

Sandwich-Like Protein: Two p-sheets of 3-5 p-strands 
packed face-to-face. 

Sanfilippo Syndrome: ►mucopolysaccharidosis 

Sanger Method of DNA Sequencing: ►DNA sequencing 

SANT (SWI3, ADA-2, N-COR, TFIIB): The chromatin 
remodeling complex sharing among them an ATPase 
and transcription and chromatin remodeling domains. 
► chromatin remodeling, ►SWI, ►ADA, ►N-COR, 
►TFIIB 

Santa Gertrudis Cattle: Originated by a cross between 
the exotic-looking Brahman x shorthorn breeds (Bos 
taurus). The Brahman cattle descended from Bos 
indicus. ►cattle 

SAP-1 (stress activated protein): SAP-1 is involved in 
the activation of MAP kinases in binding to their 
serum response factor (SRF). SAP is required for the 
activation of SLAM. ►MADS box, ►MAP, ►SRF, 
►Epstein-Barr virus, ►SLAM, ►Elk, ►lymphopro- 
liferative diseases X-linked, ►XPL; Latour S et al 
2001 Nature Immunol 2:681; Cannons JL et al 2004 
Immunity 21:693. 

SAPK: A stress-activated protein kinase of the ERK 
family. SAPK can be activated by SEK a protein 
kinase, related to MAP kinase kinases. The signaling 
cascade involved is targeted to JUN. ►signal 
transduction, ►ERK, ►MAPKK, ►MEKK, ►JUN, 
►JNK, ►Ire 

Saponification: Alkaline hydrolysis of triaglycerols to 
yield fatty acids, ►triaglyceride, ►fatty acids 

Saponins: Glycosylated triterpenoid or steroidal alka¬ 
loids in plants where they may be protective against 
fungal pathogens. Some fungal pathogens detoxify 
this defense molecule in a two-step process, ►host- 
pathogen relation; Bourab K et al 2002 Nature 
[Lond]: 418:889. 
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Saporins: Plant glycosidases, which remove adenine 
residues from RNA and DNA but not from ATP or 
dATP. ►RIP 

Saposins (10q22.1): Glycoproteins involved in the 
activation of galactosylceramidase. Pro-saponins are 
precursors of the endosomal lipid transfer proteins, 
which in association with CD1 present lipid antigens 
to the natural killer lymphocytes (NKT). ►leukodys¬ 
trophy, ► shingolipids, ►killer cell, ►CDl; Qi X, 
Grabowski GA 2001 J Biol Chem 276:27010. 

Saprophytic: Lives on non-living organic material, 
►biotrophic 

SAR (structure-activity relationship): A field of study in 
carcinogen, mutagen and drug research. Structural 
modifications may or may not affect activity and it 
would be important to know what are the decisive 
factors and how to design more effective drugs. The 
biological assays of inhibition not only permit 
classification of the compounds (potential drugs) 
but also provide information on the structure of the 
proteins they interact with (Fliri AF et al 2005 Proc 
Natl Acad Sci USA 102:261). ►TD 50 , ►CASE, 
►MULTICASE, ►biophore 

SAR (systemic acquired resistance): SAR may be 
induced in plants by pathogens, salicylic acid, 
etephon, a compound releasing ethylene. The SAR- 
related genes may be members of regulons under 
common promoters binding specific transcription 
factors. Inactivation of MAP kinase 4 by the maize Ds 
transposon increased SAR and salicylic acid level and 
boosted the expression of pathogenesis-related pro¬ 
teins in Arabidopsis, although it reduced the size of 
the plants. In Arabidopsis for the expression of SAR a 
protein secretory pathway, including many genes, 
requires activation (Wang D et al 2005 Science 
3008:1036). Salicylic acid binding protein (SABP2) 
can convert methylsalicylic acid to salicylic acid and 
activates SAR (Forouhar F et al 2005 Proc Natl Acad 
Sci USA 102:1773). ►host-pathogen relationship, 

► ethylene, ►salicylic acid, ►MAPK, ►desaturase; 
Maleck K et al 2000 Nature Genet 26:403; Petersen 
M et al 2000 Cell 103:1111; Maleck K et al 2000 
Nature Genet 26:403. 

SAR: ►scaffold 

SARI: A low activity GTPase, related to Arf. It regulates 
the traffic between the endoplasmic reticulum and the 
Golgi apparatus, ►endoplasmic reticulum, ►Golgi, 

► GTPase, ►Arf, ►GTPase; Takai Y et al 2001 
Physiol Rev 81:153. 

SAR by NMR (structure-activity relationship by nuclear 
magnetic resonance-based methods): An essential 
and sophisticated method to synthetic drug design. 
Natural or synthetic molecules are screened and 


optimized analogs are synthesized to identify high- 
affmity ligands to develop effectively targetable 
drugs. ►SAR, ►NMR 

SARA (Smad anchor for receptor activation): Recruits 
SMADs to the TGF-p receptor and thus regulates 
TGF signaling. ►SMAD, ►TGF 

SarA: A pleiotropic staphylococcal accessory regulator 
of virulence. It binds to multiple AT-rich sequences. 
(See Schumacher MA et al 2001 Nature 409:215). 

Saran Wrap: A thin sheet of plastic that clings well to 
most any surface and suitable for covering laboratory 
dishes, gels, etc. 

Sarcoglycans (SGCA, 17ql2-q21.33; SBCB, 4ql2): A 
part of the dystrophin—glyco-protein complex in the 
sarcolemma. The complex protects the muscles and 
connects the cytoskeleton and the extracellular 
matrix. Sarcoglycan mutations may cause dystonia 
and myoclonous. ►dystroglycan, ►muscular dystro¬ 
phy, ► dystonia, ►myoclonous; Zimprich A et al 

2001 Nature Genet 29:66. 

Sarcoidosis (susceptibility locus at 6p21.3, HLA- 
DRB1, BTNL2 [butyrophilin-like 2], Lofgren syn¬ 
drome): A polygenic disorder of the immune system 
affecting lung, lymph nodes and eyes. Prevalence 
is ~1.2 x 10 -4 among the majority of people of 
European extraction, except Swedes whose risk is 
about 5 times larger. The relative risk of first-degree 
relative is 2.8 to 18. ►HLA; Valentonyte R et al 2005 
Nature Genet 37:357. 

Sarcolemma: Membranes covering the striated muscle 
fibers, ►caveolin, ►dystrophin 

Sarcoma: A solid tumor tissue with tightly packed cells 
embedded in a fibrous or homogeneous substance; 
sarcomas are frequently malignant. Sticker sarcoma is 
canine transmissible venereal tumor. ►Rous sarco¬ 
ma, ►RAS, ►oncogenes; Bonnicelli JL, Barr FG 

2002 Curr Opin Oncol 14:412. 

Sarcomere: Muscle units of thick myosin, thin actin 
filaments between two plate-like Z discs. These units 
are repetitive, ►titin, ►nebulin, ►myosin 

Sarcoplasmic Reticulum: The membrane network in the 
cytoplasm of muscle cells containing high concentra¬ 
tion of calcium, which is released when the muscle is 
excited. 

Sarcosinemia: Sarcosine (methylglycine, CH 3 NHCH 2 - 
COOH) is normally converted to glycine (NH 2 CH 2 - 
COOH) by the enzyme sarcosine dehydrogenase. A 
defect at this step increases the level of sarcosine in 
the blood and in the urine (hypersarcosinemia), and 
may result in neurological anomalies but it may have 
almost no effect at all. Glutaric aciduria and defects in 
folic acid metabolism may also cause hypersarcosi¬ 
nemia. ► glycine, ►folic acid 
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Sarin: A nerve gas, which inhibits acetylcholinesterase. 
► organophosphates 

Sarkosyl (V-lauroylsarcosine): A detergent for solubi¬ 
lizing membranes and is used for extraction of 
tissues. 

SARS (severe acute respiratory syndrome): The disease 
symptoms resembling flu develop by exposure 
to a corona virus of about 30,000-nucleotide, 
positive single-stranded RNA genome (see Fig. S9) 
(Marra MA et al 2003 Science 300:1399). The 
genome displays regional variations at several sites. 
The different strains show essential variations in the 
proteins decorating the capsid that determine viru¬ 
lence. During the first week high fever occurs without 
much additional symptoms. During the following 
four days, pneumonia develops in the lung that 
subsequently may become destructive to this organ. 
Protection is prevention, hygiene, avoiding breathing 
the airborne particles but no effective drug therapy 
exists. It is a zoonosis. Apparently the Himalayan 
palm civet ( Paguma larvata) and the raccoon dog 
(Nyctereutes procyonoides) transmitted the virus to 
humans. In these animals the genomic sequence of 
the virus is 99.8% identical to that found in human 
(Song H-D et al 2005 Proc Natl Acad Sci USA 
102:2430). Mortality rate is 5 to 15%. In mice DNA 
vaccine is effective (Yang Z-y et al 2004 Nature 
[Lond] 428:561). Angiotensin-2 converting enzyme 
(ACE2) is the only known receptor for this virus. 
L-SIGN is similar to SIGN/DC-SIGNR (dendritic 
cell specific ICAM-3 grabbing non-integrin) is 
expressed in the lymph nodes and placenta is encoded 
by CLEC4M gene in mouse. L-SIGN and DC-SIGN 
bind to high-mannose oligosaccharides of viruses 
including the SARS virus. Human individuals 
heterozygous for the CLEC4M tandem repeats are 
less susceptible to SARS. L-SIGN homozygotes bind 
even better the virus and degrade it and show lower 
capacity for trans infection (Chan VSF et al 2006 
Nature Genet 38:38; the conclusions of this paper 
were questioned by Teng NL-S et al 2007 Nature 
Genet 39:691; Zhi L et al 2007 Nature Genet 39:692; 
Chang KVK et al 2007 Nature Genet 39:694 did not 
concede). The coronavirus variants SARS-CoV and 
other coronaviruses encode two RNA-dependent 
replicases, a specific spike protein, a small envelope 
protein, a membrane protein, a nucleocapsid protein 
and nine unidentified other proteins. Diagnostic 
approaches involve RT-PCR, ELISA and an IIFT kit 
for the detection of IgG antibody response and all of 
them display some advantage and shortcomings for 
diagnosis. A microarray-based technology appears 
rapid, sensitive and accurate and it is adaptable to 
other viral infections (Zhu H et al 2006 Proc Natl Acad 
Sci USA 103:4011). ►zoonosis, ►immunization 


genetic, ►plant vaccine, ►angiotensin, ►ICAM, 
► dendritic cell, ►RT-PCR, ►ELISA, ►immunoglo¬ 
bulins, ►Newcastle disease; Navas-Martin S, Weiss 
SR 2003 Viral Imunol 16(4):451; Webby RJ, Webster 
RG 2003 Science 302:1519; antiviral drugs: Wu C-Y 
et al 2004 Proc Natl Acad Sci USA 101:10012. 



Figure S9. Corona virus 


SAS (statistical analysis system): A computer software 
for the many types of data analyses. 

SAS (switch-activating site): ► Schizosaccharomyces 
pombe 

SAT: ►satellited chromosome 

SATB1 (special AT-rich sequence binding protein 1): 
Regulates chromatin folding and anchores special 
DNA sequences (ATC) into its network. It facilitates 
histone acetylation at many specific loci and it 
controls tissue-specific gene expression, ►tissue- 
specificity, ► chromatin remodeling; Cai S et al 2003 
Nature Genet 34:42; controling cytokine gene 
expression: Cai S et al 2006 Nature Genet 38:1288. 

SAT-DAC (satellite-DNA-based artificial chromosome): 
SAT-DAC of mammals is expected to replicate 
independently from the genome and to express its 
gene content as a huge vector. It may serve also for 
transferring any gene into mammals (humans) 
without the risk of disruption resident genes. SAT- 
DACs composed mainly of AT sequences may be 
readily isolated from the rest of the genome. Such a 
structure was stably inherited in mice. (See Hadlacz- 
ky G 2001 Curr Opin Mol Ther 3:125). 

Satellite Cells: Surround each myofiber beneath the basal 
lamina and are precursors of muscle growth and repair. 
As few as seven satellite cells, associated with myo- 
fibers, are sufficient sources of muscle regeneration 
(Collins CA et al 2005 Cell 122:289; Montarras D et al 
2005 Science 309:2064). ►basement membrane, 
►myofibril, ►stem cells 

Satellite DNA: DNA fraction with higher or lower 
density (during ultracentrifugal preparations) than the 
bulk DNA (see Fig. S10). Generally, it contains 
substantial repetitive DNA (in up to 5 Mb tracts). 
These satellite sequences generally pose problems 




1758 Satellite RNA 


in genome sequencing because of their instability 
in the cloning vectors. Very little information is 
available regarding the function of SAT DNA. 
Dimeric oligopyrroles-imidazoles target adenine- 
thymine-rich satellite sequences and the scaffold- 
associated region (SAR) of Drosophila. Unexpectedly 
these polyamides induce gain- or loss-of-fimction 
phenotypes. It is assumed that these chemicals 
facilitate accessibility to chromatin, ►repetitious 
DNA, ►ultracentrifugation, ►heterochromatin, 
► a-satellite, ►polyamides, ►satellite, ►pyrrole, ►im¬ 
idazole; Janssen S et al 2000 Mol Cell 6:999; Janssen S 
et al 2000 Mol Cell 6:1013. 


Nuclear DNA 1.692 



Figure S10. Satellite DNAs are identified by ultracen- 
tifugation on the basis of their densities in CsCI 


Satellite RNA: The transcript of satellite DNA: ►satel¬ 
lite DNA 


Satellite Virus: A defective virus co-existing with 
another (helper) virus to correct for its insufficiency. 
The unrelated helper is required for infection. 



Satellited Chromosome: Carries an appendage to one 
arm by a constriction (see Fig. Sll). The bridge 
between the main body of the chromosome and 
appendage is the site of the nucleolar organizer. 
It was named originally SAT as an abbreviation for 
sine acido thymonucleinico, i.e., a place where there 
was, then, no detectable DNA (= thymonucleic acid, 
as it was called in the 1930s) in that part of the 
chromosome. The appendages were also called 
trabants. 



Satellite appendage 

Figure S11. Satellited chromosome 


Satsuma Mandarin: A pollen sterile citrus variety that, 
if no foreign pollen can reach the flowers, produces 
seedless oranges. This is the characteristic also for 
navel oranges although some navel oranges have 
many seeds because in those the abnormal carpel 
development may interfere with pollination but they 
are not basically self-sterile, ►seedless fruits 

Saturated Fatty Acids: All their chemical affinities 
satisfied, have higher energy content than the unsatu¬ 
rated fatty acids that contain one or more double 
bonds, ►fatty acids, ►cholesterols, ►omega-3 fatty 
acids 

Saturation Density: of a mammalian cell culture before 
contact inhibition takes place, ►cancer, ►malignant 
growth, ►contact inhibition 

Saturation Hybridization: One component in the nucleic 
acid annealing reaction mixture has excessive 
concentration to allow finding all possible sites of 
homology and hybridization, ►nucleic acid hybridi¬ 
zation 

Saturation Mutagenesis: Induce mutations at all 
available sites to reveal the relative importance of 
these sites, ►mutagenesis, ►localized mutagenesis, 
► linker scanning, ►GAMBIT 

Saturation of Molecules: The carbon-carbon attach¬ 
ments of single covalent bonds (no double bonds 
when entirely saturated), ►saturated fatty acids 

Sau 3A: Restriction endonuclease with recognition 
sequence jGATC; Sau 96 I: GjGNCC. 

SAUR (small auxin-up RNA): RNAs encoded by several 
genes that are induced by auxins, ►auxins; Guilfoyle 
TJ 1995 ASGSB Bull 8:39. 

SBD: Single -strand DNA binding domains of ~120 
amino acids in the large subunits (and possibly in the 
small) of the RPA protein of eukaryotes. ►DNA 
replication in eukaryotes, ►RPA 

SBF (Saccharomyces binding factor): Composed of 
Swi4 and Swi6 along with MBF (composed of Swi4 
and Mbpl) initiate the transcription of genes cyclin 1 
(CLN1) and cyclin 2 ( CLN2 ) required for activation 
of Cdc28 enabling the progress of the cell cycle from 
G1 to S phase, ►cell cycle, ►cyclin, ►Cdc28, ►Swi, 
►MBF 

Sbfl (SET-binding factor 1): A myotubularin-like 
protein (but without phosphatase activity) binding 
to SET domains. ►SET, ►myopathy 

SBMA: ►Kennedy disease 

sc: Indicating Saccharomyces cerevisiae (budding 
yeast) DNA, RNA or protein as a prefix. 
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SCI: An immunoglobulin superfamily cell adhesion 
molecule, it is transiently expressed during avian 
embryogenesis by a variety of cell types. 

SC Phocomelia: ►Roberts syndrome 

SC35: An SR protein. ►SR motif 

SCA: ►spinocerebellar ataxia, ►ataxin, ►ataxia 

SCA (statistical coupling analysis): Maps energetic 
interactions in proteins and measures the statistical 
interactions between amino acid positions in order 
to shed light on folding patterns (Lockless SW, 
Ranganathan R 1999 Science 286:295). ►protein 
folding 

Scaffold: The cytoskeleton of the cell or residual protein 
fibers left in the chromosome after the removal of 
histones. The bulk of the scaffold is of two proteins, 
Scl (a topoisomerase II) and Sc2. The scaffold is 
attached to SAR (scaffold attaching regions) of the 
chromatin. Cytoskeletal scaffolds facilitate the trans¬ 
port of various molecules along its network and 
secure them at the proper cellular positions. Scaffold 
proteins—in connection with other molecules—can 
also fine tune quantitatively input-output properties 
(Bhattacharyya RP et al 2006 Science 311:822). 
Artificial polymer scaffolds have been constructed 
and used as an alternative to viral vectors to deliver 
therapeutic proteins or gene constructs to cells with 
defective or deleted genes and release their cargo in 
their target environment. In animal models, implanted 
platelet-derived growth factor greatly enhanced vas¬ 
cularization. ► cytoskeleton, ►topoisomerase, ►loop 
domains model, ►genetic engineering, ►MAR, 
►WGS; Dietzel S, Belmont AS 2001 Nature Cell 
Biol 3:767. 

Scaffold Protein: A platform that accepts, assembles 
and delivers cofactors to biological targets. 

Scaffolds in Genome Sequencing: A set of ordered, 
oriented contigs, assembled relative to each other 


by mate pairs in adjacent contigs. For assembling 
the over 99% accurate sequences of the Drosophila 
genome, Celera group used 8 Compaq Alpha ES40 
computers with 32 gigabyte memory. In the assembly, 
the repetitive sequences pose real challenges because 
the overlaps can be true overlaps that belong together 
or the overlaps are parts of repeated sequences that 
may occur multiple times and being scattered in 
the genomes and therefore, do not belong together. 
A collection of fragments whose arrangement is 
uncontested by overlaps from other fragments are 
unitigs. The unitigs that represent unique (non- 
repetitive) sequences—although some extending 
into repeats—are called U-unitigs. In Figure S12 X' 
and X" represent repeated sequences and in the box, 
they are “overcollapsed” in a unitig because they 
consistently subassemble as the interior of the 
repeats. In the repeat boundary box, A and B or B 
and C do not overlap and they are computationally 
resolved and help in extending of the assembly of the 
U-unitigs into scaffolds (see Fig. SI 3). 

If mate pairs and overlaps consistently appear in 
bundles, the ordering of the non-repetitive euchromatic 
segments is facilitated. Usually gaps appear between 
the U-unitigs and scaffolds. Smaller fragments called 
rocks , stones and pebbles fill in these gaps. The shorter 
unitigs still have two or one mate links. The correct 
tiling path (a minimally overlapping DNA fragment 
map spanning that length of the genome) is also verified 
by statistics. The reads (base sequences) are verified 
also by multiple base-callings (identifying the correct 
nucleotide in a sequence) and the sets are evaluated by 
Bayesian statistics. 

The Drosophila genome was sequenced and assem¬ 
bled in 838 firm scaffolds (containing at least one 
U-unitig). As of 2000, the WGS still has 1887 gaps 
with a total length of 2322 Mbp varying in size up to 
150 Mbp and zero. The number of U-unitigs was 
7164 (8.007 Mpb), rocks 1787 (0.927 Mbp), stones 132 
(0.118 Mbp) and pebbles 25,101. STS (sequence- 
tagged site) mapping and BAC/Pl/cosmid clone tiling 
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Figure S12. Scaffold. (Modified after Myers EW, et al. 2000 Science 287:2196) 
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Figure SI 3. Scaffold of a collection of ordered contigs built of unitigs. (Modified after Myers EG et al. 2000 Science 
287:2196) 
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Figure S14. The overall strategy of the Celera operations. 
(Modified after Myers EW et al. 2000 Science 287:2196) 


path (CTP) has validated the WGS map. Yet some 
refinement will continue, especially in the heterochro- 
matic regions (around the centromere, etc.). ►WGS, 
► genome projects, ►contig, ►mate pair, ►Bayes’ 
theorem, ►STS, ►BAC, ►PI, ►cosmid, ►tiling, 
►DNA sequencing, see Fig. SI 4; Myers EW et al 2000 
Science 287:2196. 



Scaffold-Mediated Activation: The assembly of a 
molecular platform in response to death stimuli and 
the recruitment of pro-caspases. It is initiated through 
cell surface receptors such as the Fas receptors, TNFa 
receptors and their bound ligands leading to the 
formation of caspases and ending up in apoptosis, 
►caspase, ►TNF, ►apoptosis; Eamshaw WC et al 
1999 Annu Rev Biochem 68:383. 


Scaling: ►quarter-power scaling, ►synaptic scaling 

SCAM (substituted-cysteine accessibility method): The 
method used for studying cysteine substitution and 
covalent modification on the structure-function 
relationship of proteins. 

SCAMP (secretory carrier membrane proteins): Integral 
membrane proteins of secretory and transport vesi¬ 
cles, like the synaptic vessels, etc. (See Wu TT, 
Castle JD 1998 Mol Biol Cell 9:1661). 

Scanning Electronmicroscopy (SEM): In contrast to 
transmission electron microscopy, the electron beam 
is reflected from the surface of the specimen, coated 
with a heavy metal vaporized in a vacuum, through a 
process called shadowing. As the electron beam scans 
the specimen, secondary electrons are reflected 
according to the varying angles of the surface of 
the object and generate a three-dimensional image 
corresponding to the grade of reflections. The 
maximal resolution is 50-100 times less than with 
the transmission electronmicroscopy but the image 
obtained can be highly magnified. It is an important 
technique for developmental studies, ►electronmi¬ 
croscopy, ► stereomicroscopy, ►scanning tunneling 
microscopy, ►SPM, for picture see ►petals 

Scanning Force Spectroscopy (SFS): Measures associ¬ 
ation and dissociation constants of biological mole¬ 
cules. ►optical tweezer; Bonin M et al 2002 Nucleic 
Acids Res 30(16):e81. 

Scanning, Genetic: Genetic scanning. 


SCAIP (single condition amplification/internal primer 
sequencing): Amplifies large number of exons at 
a single set of PCR temperatures. Sequencing 
specificity is gained by uniform use of a second, 
internal set of sequencing primers. After purification 
of the DNA sequencing requires three days at low 
cost (Flanigan KM et al 2003 Am J Hum Genet 
72:931). 

Scale-Free Networks: networks. 


Scanning Linker Mutagenesis: The transposon is 
inserted within the gene in-frame at an appropriate 
restriction enzyme recognition site (see Fig. SI 5). 
After transcription and translation of the construct 
the target protein carries a new peptide of a size 
depending on the size of the insertion. The procedure 
has been applied to both prokaryotes and eukaryotes, 
►transposon, ►restriction enzyme, ►insertional 
mutation; Hayes F 2003 Annu Rev Genet 37:3. 
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Figure SI 5. Scanning linker mutagenesis 


Scanning Mutagenesis: ►homolog-scanning mutagen¬ 
esis, ► linker scanning 

Scanning of mRNA: The eukaryotic mRNA does not 
have a special consensus (such as the Shine-Dalgamo 
box in prokaryotes) for attachment to the ribosomes, 
so the mRNA leader adhers by its methylated 
guanylic cap to the ribosomes and the ribosome runs 
on it until it finds an initiation codon (generally AUG) 
to start translation. A preferred sequence, however, 

may be around the AUG codon AG-CCAUGG. 

The 3' terminus of the 18S rRNA of mammals bears 
some similarity to the prokaryotic 16S terminus: 

A Me2 A Me2 C CUGCGGAAGGAUGA-UUA- 

3'-0H. 

The presence of the m 7 G-cap facilitates the 
initiation but is not absolutely indispensable. The 
average length of the 5'-untranslated (50-70 nucleo¬ 
tides) sequence and its structure may favor translation 
but only large differences from it (very short tracts) 
decrease substantially the initiation. A ~ 12-nucleo¬ 
tide hairpin secondary structure between the cap and 
AUG improves the efficiency of translation. Similar¬ 
ly, the polyA tail is advantageous for translation 
possibly by facilitating the recycling of the ribosomes 
on the same mRNA. Leaky scanning indicates that 
more than one initiator codons or only the second or a 
later AUG is used for translation and the preceding 
one(s) are skipped (Chen A et al 2005 Nucleic Acids 
Res 33:1169). In this case different polypeptides may 
result. ►Shine-Dalgamo sequence, ►elF, ►initiation 
codon; Kozak M 1989 J Cell Biol 108:229; Samuel 
CE 1989 Progr Nucleic Acid Res Mol Biol 37:127. 

Scanning Tunneling Microscope (STM): STM can 
resolve biological molecules at the atomic level; its 
use has been proposed for DNA sequencing. With 
STM, vibrational spectroscopy is possible permitting 
the analysis of molecules adsorbed on a surface. The 
vibrational energies may reveal adsorption sites, 
orientation and adsorption changes, ►electrospray 
MS, ►laser desorption, ►nanotechnology, ►SPM 


SCAP (SREBP cleavage-activating protein): Regulates 
cholesterol metabolism by promoting the cleavage of 
transcription factors SREBP-1 and -2 (sterol regu¬ 
latory element binding proteins). In low-sterol cells, 
discrete proteolysis cuts of the amino-terminal of 
SREBPs. As a consequence, these proteins enter the 
nucleus and activate the LDL receptor and cholesterol 
and fatty acid biosynthetic enzymes. The system can 
be studied by mutant CHO cells that either cannot 
synthesize cholesterols or LDL receptors in response 
to sterol depletion, or are sterol resistant and cannot 
terminate the synthesis of sterols or their LDL 
receptor, ►sterol, ►LDL, ►CHO, ►Niemann-Pick 
disease, ►lipodystrophy; Shimano H 2001 Progr 
Lipid Res 40(6):439. 

SCAR (sequence-characterized amplified region): Phys¬ 
ical markers obtained by polymerase chain reaction- 
amplified RAPD bands, ►amplification, ►RAPD, 
►PCR; Iturra P et al 2001 Heredity 84:412. 

SCAR: The suppressor of cAMP receptor. ►cAMP 

SCARMD: ►muscular dystrophy 

Scatter Diagram: A two-dimensional graphic represen¬ 
tation of the characteristics of two variables, two 
traits, which may be or may not be correlated, e.g., 
people with a certain eye and hair color. 

Scatter Factor (hepatocyte growth factor): Cellular 
responses of scatter factor are mediated by the Met 
tyrosine kinase receptor. It has multiple cell targets 
and it is probably involved in mesenchym-alepithelial 
interactions and liver, kidney development, organ 
regeneration, metastasis, etc. ►hepatocyte growth 
factor, ►metastasis, ►macrophage-stimulating pro¬ 
tein; Tacchini L et al 2001 Carcinogenesis 22:1363. 

Scattering: Deflection of electrons by collision(s). 
►Compton effect 

Scavenger Molecules: They clean up the cells of 
substances that are no longer needed. 

SCC: Yeast integral membrane protein with partial 
structural homology to cyclophilins. ►cyclophilins, 
► double-strand breaks 

Sccl: ►separin, ►RecS 

SCD25: A suppressor of gene cdc25 mutations in yeast; 
increases the dissociation of Ras*GDP but does not 
affect Ras*GTP. ►cell cycle, *cdc25 

SCE: ► sister chromatid exchange 

Scent: ►fragrances 

SCEUS (smallest conserved evolutionary unit se¬ 
quences): Reveal evolutionary similarities of the 
DNA in the genomes across taxonomic boundaries, 
►unified genetic map 
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SCF (Skpl—CDC53—F-box protein): A complex of 
ubiquitination function. The SCF protein com¬ 
plexes have regulatory role in the cell cycle and 
development. ►Skp, ►CKSl, ►CDC53, ►F-box, 
►ubiquitin, ►jasmonic acid, ^El, *E2, *E3, ►cell 
cycle, ►von Hippel-Lindau syndrome, ►glucose 
induction; see also Patton EE et al 1998 Trends 
Genet 14:237; Schwab M, Tyers M 2001 Nature 
[Lond] 413:268; Zheng N et al 2002 Nature [Lond] 
416:703. 

SCF: ► stem cell factor 

ScFv (single chain fragment variable): A variable 
portion of the antibody molecule that may still be 
expressed, e.g., in plantibodies or bacteria or other 
cells, ►antibody, ►plantibody, ►single-chain Fv 
antibody; Norton EJ et al 2001 Hum Reprod 16:1854. 

Scheie Syndrome: ►Hurler syndrome 

Schiff Base: a-amino groups of amino acids may react 
reversibly with aldehydes and form a Schiff base; 
these are labile intermediates in amino acid reactions. 

► Schiff reagent 

Schiff s Reagent: Retains a blue color in the presence of 
aldehydes. Aldehydes are exposed to a fuchsin 
solution (0.25 g/L H 2 0) and decolorized by S0 2 . 

► aldehyde, ►fuchsin 

Schimke Immuno-Osseus Dysplasia (SIOD): An appar¬ 
ently recessive disease displaying spondyloepiphy¬ 
seal dysplasia, lentigines and progressive immune 
and other defects. The basic anomaly is due to mutation 
of chromosomal matrix-associated protein (SMAR- 
CAL1, 2q34-q36) controlling chromatin remodeling. 
The gene contains 17 exons and encodes a 954 amino 
acid protein. Variant forms exist, ►spondyloepiphyseal 
dysplasia, ►lentigines, ►chromatin remodeling; 
Boerkoel CF et al 2002 Nature Genet 30:215. 

Schindler Disease: An a-V-acety 1 galactosaminidase defi¬ 
ciency (human chromosome 22), a lysosomal storage 
abnormality(?) leading to a neurological disease with 
onset before age one and progressive deterioration of 
motor and talking skills. ►Kanzaki disease 

Schinzel Syndrome (ulnar-mammary syndrome, 12q24.1): 
An autosomal dominant ulnar-mammary syndrome 
shows complex symptoms including malformation of 
the hand and shoulder, mammary glands, delayed pub¬ 
erty, obesity, etc. The T box gene TBX3 causes it. ►ulna 

Schinzel-Geidion Syndrome: An autosomal recessive 
malformation of the face and head, heart, growth 
retardation, telangiectasia, supernormal hair develop¬ 
ment. ►hypertrichosis, ►telangiectasis 

Schistosomiasis: The state of disease of animals and 
humans seized by one or another species of the 


parasitic flatworms Schistosoma (fluke). The para¬ 
sites infect the blood vessels through contact with 
contaminated waters in warm climates of the world. 
In these species, the male carries the female in a 
ventral sac (gynecophoral canal) (see Fig. SI 6). 
Intermediate hosts are snails and molluscs. The 
S. haematobium is primarily a human parasite. 



Figure SI 6. Schistosoma haematobium male carry¬ 
ing the female 

The S. japonicum infects several animals as well. 
The symptoms of the disease may vary according 
to the various species and may include systemic 
irritations, cough, fever, eruptions, tenderness of the 
liver, diarrhea, and bladder carcinoma, etc. Without 
medication, the infected intestines, liver, kidneys, 
brain, etc., may be seriously damaged. The therapeu¬ 
tic antimony derivatives are highly toxic to humans. 
The parasite is present in millions of people of the 
tropics including the ancient Egyptian mummies. A 
codominant locus in human chromosome 5q31-q33 
provides some protection against Schistosoma man- 
soni. The interferon-y receptor (IFN-yRl) locus 
(6q22-q23) also controls S. mansoni infection. Vac¬ 
cination with attenuated larvae is feasible. ►IFN; 
http://www.tigr.org/tdb/tgi/; Verjovski-Almeida S 
et al 2003 Nature Genet 35:148; Hu W et al 2003 
Nature Genet 35:139. 

Schizencephaly (10q26.1): Avery rare brain disorder. 
The hemisphere is partly missing and cerebrospinal 
fluid fill the void. Type one is mild but type II is 
severe involving mental retardation, seizure, lack of 
speech and blindness. EMX2 linkage and EMX2 
independent case are known (Tietjen I et al 2005 Am J 
Med Genet 135:166. 

Schizocarp: A fruit where the carpels split apart in order 
to free the seeds. 

Schizophrenia (dementia praecox): A behavioral disor¬ 
der. The afflicted individuals cannot distinguish well 
reality from dreams and imagination. Hallucinations 
and paranoid behavior, delusions, inappropriate emo¬ 
tional responses, lack of logical thought and concen¬ 
tration are common symptoms. The precise mechanism 
of inheritance is unknown yet in about 13% of the 
children of afflicted parents it reoccurs, and ~45% of 
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the identical twins are concordant in this neurological 
disease but only ~15% of dizygotic twins. 

The general incidence in the population varies 
from 1 to 4%. Both autosomal, pseudoautosomal 
single and multiple recessive and dominant loci 
were implicated. There were some indications that 
schizophrenia genes are in chromosomes lq32.2 (?), 
4q34.3, 5q33.2, 6q21.31, 6q25.2, 6pter-p22, 7pl5.2, 
7qll, 8p21-p22, 9q21, lOp, 10q22.3, 12q24, 13q34, 
14ql3, 15qll.2, 17pll-q25.1, 20, 21q21.2, 22ql2.1- 
ql 1.23 (proline dehydrogenase), 22q21, 4q31 and in 
the long and short arms of chromosome 5. The 22ql 1 
site encodes catechol-O-methyltransferase (COMT) 
and its deletion involves velocardiofacial syndrome 
and high incidence (20-30%) of psychiatric diseases, 
including schizophrenia. COMT controls the metab¬ 
olism of catecholamine neurotransmitters (Shifman S 
et al 2002 Am J Hum Genet 71:1296). Some evidence 
indicates chromosomal sites 13q34 and 8p21-p22 
as the most important for the determination of 
susceptibility. A schizophrenia locus was assigned 
to human chromosome Iq21-q22 with a lod score of 
6.5 (Brzustowicz LM et al 2000 Science 288:678). 
This gene encodes the selenium-binding protein 
(SELENBP1) of unknown function and its upregula- 
tion is the most consistent biomarker of the disease 
(Glatt SJ et al 2005 Proc Natl Acad Sci USA 
102:15533). DISCI (disrupted in schizophrenia) is a 
major factor in developing this affective disorder. 
DISC is disrupted either by balanced translocation t 
(I;ll)(q42;ql4), or t(l;16)(p31.2;q21). The lp31.2 
breakpoint disrupts the B1 isoform of phosphodies¬ 
terase 4B gene (PDE4B). The N-terminal domain 
(amino acids 219-283) of DISC binds PDE4B. 
PDE4B apparently inactivates adenosine 3',5' cyclic 
monophosphate (cAMP), which has important func¬ 
tion in learning, memory and mood. DISC 1 interacts 
with the UCR2 domain of PDE4B and a raise in 
cAMP disrupts the association of PDE4B and DISC 1; 
concomitantly this increases PDE4B activity (Millar 
JK et al 2005 Science 310:1187). Disci missense 
mutations in mice give rise to phenotypes related to 
depression and schizophrenia, thus supporting the 
role of DISCI in major mental illness and can serve as 
an animal model for the disease (Clapcote SJ et al 
2007 Neuron 54:387). 

The various manifestations of schizophrenia have 
strong environmental components. Maternal malnutri¬ 
tion during the first trimester, maternal influenza during 
the second trimester, perinatal complications, intrauter¬ 
ine fetal hypoxia, or maternal pre-eclampsia may 
substantially aggravate the risk (Tsuang T 2000 Biol 
Psychiatry 47:210). Maternal-fetal incompatibility due 
to the presence of the Rh D protein in the pregnancy 
increases the chance for the psychiatric condition by 
a factor of ~2.6 (Palmer CGS et al 2002 Am J Hum 


Genet 71:1312). Retroviral sequences have been 
detected in the cerebrospinal fluid in ~28% of the 
patients with recent onset and in ~5% of patients with 
chronic affliction (Karlsson H et al 2001 Proc Natl Acad 
Sci USA 98:4634). Oligodendrocyte lineage transcrip¬ 
tion factor 2 (OLG2) abnormality increases susceptibil¬ 
ity to schizophrenia by itself and by affecting other 
genes namely CNP, NRG1 and ERBB4 (Georgieva L 
et al 2006 Proc Natl Acad Sci USA 103:12469). 

MAO (monoamine oxidase) level is reduced in the 
afflicted individuals. MAO enzyme removes amino 
groups from neurotransmitters. The overproduction 
of dopamine (3,4-dihydroxyphenyl-ethylamine), a 
precursor of neurotransmitters may be suspected in 
causing it. Glutamate decarboxylase 67 (GAD67), a 
marker for this system has been found by many 
studies to show decreased expression in schizophre¬ 
nia and bipolar disorders. In the latter, suppression of 
transcription factors involved in cell differentiation 
may contribute to GABA dysfunction (Benes FM 
et al 2007 Proc Natl Acad Sci USA 104:10164). 
Chloropromazine (a peripheral vasodilator, antiemetic 
dmg) and reserpine (alkaloid) may alleviate the 
psychological symptoms by inhibiting dopamine 
receptors. According to the glutamate-dysfimction 
hypothesis the disease is caused by an imbalance 
between dopamine and glutamate or the glutamate 
receptor NMDA. In schizophrenia and other affective 
disorders frequently an expansion of trinucleotide 
repeats is detectable. Schizophrenia, other mental 
illnesses and dmg addiction predispose to violent 
crime 2-6 times in excess of normal individuals 
(Friedman RA 2006 N Engl J Med 355:2064). 
►paranoia, ►psychoses, ►affective disorders, ►neu¬ 
rological disorders, ►pseudoautosome, ►concordant, 
►twinning, ►trinucleotide repeats, ►obsessive- 
compulsive disorder, ►catatonia periodic, ►eclamp¬ 
sia, ►Rh blood factor, ►hypoxia, ►MAO, ►NMDA; 
Baron M 2001 Am J Hum Genet 68:299; Gurling 
HMD et al 2001 Am J Hum Genet 68:661; neuregulin 
and susceptibility: Stefansson H et al 2002 Am J Hum 
Genet 71:877; Chumakov I et al 2002 Proc Natl Acad 
Sci USA 99:13675; Levinson DF et al 2003 Am J Hum 
Genet 73:17; Lewis CM et al 2003 Am J Hum Genet 
73:34; review: O’Donovan MC et al 2003 Hum Mol 
Genet 12:R125; research fomm: http://www.schizo 
phreniaforum. org. 

Schizosaccharomyces pombe (fission yeast): The 3 
chromosomes are of 5.7, 4.7 and 3.5 Mb size, 
respectively (see Fig. SI 7). It has the lowest number 
of genes among eukaryotes, 4944. The cells are 7 x 3 
pm. This eukaryote, an ascomycete, has both asexual 
(by fission) and sexual life cycles (each meiosis 
producing 8 ascospores). Under good growing 
conditions it reproduces by mitotic divisions. 
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At starvation (for any factors of growth) the plus (P) 
and minus (M) type cells fuse and meiosis follows. 
The mitotic cell cycle (2.5 h) has the typical Gi, S, G 2 
and M phases. The G 2 phase takes 70% of the total 
time whereas the other phases equally share the rest. 
Under severe nutritional limitations instead of sexual 
development, the cells are blocked in either of the G 
phases and this dormant state is called “GO”. 



Figure SI 7. S. pombe 

The mating type is determined by which of the P 
or M alleles is switched (transposed) from their 
silent position to the matl locus where they are 
expressed. Actually both P and M genes have two 
alleles with different number of amino acids in their 
polypeptide products: Pc (118), Pi (159) and 
Me (181) and Mi (42). The c alleles (required for 
meiosis and conjugation) are transcribed rightward 
from the centromere when nitrogen is available, and 
the i alleles (required only for meiosis) are transcribed 
in the opposite direction in N starvation. The product 
of the Pi allele has a protein-binding domain, whereas 
that of Me shows some homology to the Drosophila 
Tdf (testis-determining factor) and the mouse Tdy. 
Homothallic strains can switch between mating types 
but the heterothallic ones are either P or M. The MAT 
site is comparable to the disk drive of a computer 
(or the slot of a tape player) where either the P or the 
M disk (or tape cassette) is plugged in and that 
determines whether the mating type in the heterothal¬ 
lic strain will be P or M. The P (1113 bp) and M (1127 
bp) sites are actually the storage sites for the P and M 
mating type information, respectively. The 
recombination-promoting complex contains proteins 
Swi2 and Swi5 that are located near the silent mating 
type region and exercise long-range effects (Jia S et al 
2004 Cell 119:469). 

The mating type region in the right arm of chromo¬ 
some II can be represented as shown in Figure SI8. 

The DSB (double-strand break) near the MAT site— 
in about 25% of the cells—is probably required so 


that the chromosome would permit the insertion of 
one or the other cassette. This breakage is probably 
transient and quickly restored so that the continuity 
of the chromosome would not be compromised. 
According to new data the break at the matl site 
is actually an artifact arising during purification 
of alkali-labile DNA due to a genetic imprint 
occurring while the lagging strand is synthesized. 
The imprints are one or two RNA nucleotides in the 
DNA (Vengrova S, Dalgaard JZ 2004 Genes Dev 
18:794). This imprint may then reverse the matl locus 
or introduce an origin of replication. The ~15 kb L and 
K sequences are spacers where meiotic recombination 
is not observed. The Tf (59 bp) and H 2 (135 bp) 
homology boxes are flanking the disk drive ( MAT) and 
both floppy disks while the H 3 (57 bp) only occurs at 
left of the P and M sequences. It has been supposed that 
the reason why the P and M elements are silent at the 
storage sites is because of the H 3 presence there but not 
at the MAT site where they are expressed. The switching 
(transposition) is controlled by SAS1 and SAS2 (switch¬ 
activating sites) right of DSB (within 200 kb). In 
addition, at least 11 other transacting (, swi ) loci regulate 
switching (transposition). Mating type determination in 
the budding yeast (Saccharomyces cerevisiae ) is also 
controlled by transposition, albeit in a different way, 
and the homology of the DNA sequences in the 
elements is low. Fission yeast has contributed to 
learning many aspects of the cell cycle control. Its 
genome sequence (Wood V et al 2002 Nature [Lond] 
415:871) revealed 4824 protein-coding genes, so far 
the smallest number in eukaryotes. Its promoter 
sequences are longer than those in budding yeast 
indicating extended control of functions. About 43% of 
the genes contain introns. About 50 genes seem 
homologous to some extent to human genes controlling 
disease and half of these are cancer-related. ► Saccha¬ 
romyces cerevisiae , ►mating type determination, 
► SWI, ►cell cycle, ►imprinting; Vengrova S et al 
2002 Int J Biochem Cell Biol 34:1031; http://www. 
sanger.ac.uk/Projects/S_pombe/ ; http://pingu.salk. 
edu/^forsburg/pombeweb.hml. 

Schneckenbecken Chondrodysplasia: Autosomal reces¬ 
sive, lethal defect of the cartilage. It bears similarity to 
thanatophoric dysplasia. 
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Schnipsel Database: Facilitates the identification of 
protein relationships by using Schnipsels (fragments) 
using SMART. ►SMART 

Schwachman-Diamond Syndrome (human chromosome 
7ql 1): Involves recessive pancreatic lipomatosis, 
bone marrow dysfunction and skeletal anomalies. 
(See Goobie S et al 2001 Am J Hum Genet 68:1048; 
Boocock GRB et al 2003 Nature Genet 33:97). 

Schwann Cell: A glial cell (forms myelin sheath for the 
peripheral nerves). Its differentiation requires the 
Oct-6 POU factor, Ca 2+ /calmodulin kinase, MAPK, 
cAMP response element-binding protein, expression 
of c-fos and Krox24 genes. ATP arrests the differenti¬ 
ation of the Schwann cells before myelination. 
►myelin, ►Oct-1, ►POU, ►calmodulin, ►MAPK, 
► cAMP, ►fos, ►Krox-24 

Schwannoma: ►neurofibromatosis 

Schwartz-Jampel Syndrome (chondrodystrophic myo¬ 
tonia, Ip34-p36.1): A rare recessive failure to relax 
muscles, reduced height, skeletal dysplasia (abnormal 
development). The affection is due to an altered 
proteoglycan (perlecan) of the basement membranes, 
►basement membrane; Arikawa-Hirasawa E et al 
2002 Am J Hum Genet 70:1368. 

Scianna Blood Group (Sc): Represented by antigenic 
groups Sc-1 and Sc-2, located in human chromo¬ 
some 1. ►blood groups 

Sciara: Dipteran flies with polytenic, giant chromo¬ 
somes in their salivary glands. The basic chromosome 
number in Sciara coprophylla is 3 autosomes and 1 X 
chromosome but there are also the heteropycnotic so 
called limited chromosome(s ), which are present only 
in the germ-line. They are eliminated from the nuclei 
during the early cleavage divisions. The egg pronu¬ 
cleus contains three autosomes, an X chromosome 
and one or more limited chromosomes. The sperm 
contributes three autosomes, two X chromosomes 
and some limited chromosomes that are all of 
maternal origin. The first division of the spermatocyte 
is monocentric and separates the maternal chromo¬ 
some set from the paternal one. The maternal 
chromosomes move to a single pole whereas the 
paternal set is positioned away from the pole and are 
never transmitted to the progeny. The single second¬ 
ary spermatocyte displays an unusual unequal type 
division. The X-chromosome divides longitudinally 
and both copies are included into the same cell, and 
only this cell survives. From the cleavage nuclei 
first the limited chromosomes are eliminated and 
subsequently, from the cells that become male one of 
the X-chromosomes is also evicted thus the males 
become XO and the females are XX. ► Rhynchos- 
ciara , ►polytenic chromosomes, ►salivary gland 


chromosomes, ►sex determination, ►chromosomal 
sex determination 

SCID (severe combined immunodeficiency): A hetero¬ 
geneous group’s genetically determined diseases. 
It involves defective V(J)D recombination of immu¬ 
noglobulin genes. Several frameshifts, point muta¬ 
tions or deletions in the IL-2Ry (yc) chain (human 
chromosome Xql3) were found to be associated with 
SCID-X1. Actually, this part of the y-chain is shared 
by the receptors of IL-4, IL-7, IL-9 and IL-15. 
Because of the deficiency, the T cells and the natural 
killer cells also become abnormal. The anomaly 
may involve also the Jak/STAT and other signal¬ 
ing pathways. Jak3 defects cause SCID symptoms. 
Introduction of genetically engineered macrophages 
expressing IFN-y into the lung of mice provided 
marked protection against infection. IFN-y upregu- 
lates the expression of major histocompatibility class 
I and class II molecules that lead to the activation of 
killer lymphocytes. Apparently after successful gene 
therapy, using IL2RG interleukin-2 receptor compo¬ 
nent in genetically engineered vector, caused lym¬ 
phoma in several cases. Oral protein (encoded at 
12q24) controls CRAC channel function, i.e., Ca 2+ - 
release-activated Ca 2+ influx. Sustained calcium 
supply is essential for the adaptive immune response. 
Some SCID patients have defect in CRAC and 
consequently loss of immune protection (Feske S et al 
2006 Nature [Lond] 441:179). In a mouse model 
with ablated Arf tumor suppressor and IL-2Ry high 
frequency of insertional mutations occurred near or 
within several protooncogenes; thus this strain could 
be used as a model for testing potential risks of human 
gene therapy for XSCID constructs (Shou Y et al 
2006 Proc Natl Acad Sci USA 103:11730). ►adeno¬ 
sine deaminase deficiency, ►severe combined im¬ 
munodeficiency, ► gene therapy, ►signal 
transduction, ►immunoglobulins, ►RAG, ►DNA- 
PK, ►T cell, ►killer cell, ►MHC, ►Jak/STAT, 
►IL-2, ►IL-d, ►IL-7, ►IL-9, ►IL-15, ►gene 
therapy, ►calcium signaling; Wu M et al 2001 Proc 
Natl Acad Sci USA 98:14589; French Gene Therapy 
Group 2003 J Gene Med 5:82. 

Science: A systematic study of natural phenomena with 
the explicit purpose to prove or negate a working 
hypothesis or hypotheses by experimental means. 
According to K.R. Popper (1962 Conjectures and 
Refutations, Basic Books, New York, p 218), for 
science the “criterion of potential satisfactoriness is 
thus testability, or improbability: only a highly 
testable or improbable theory is worth testing and is 
actually (and not merely potentially) satisfactory if 
it withstands severe tests—especially those tests to 
which we could point as crucial for the theory before 
they were ever undertaken. I refuse to accept the view 
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that there are statements in science which we have, 
resignedly, accept as true merely because it does not 
seem possible.. .to test them”. Science seeks to store, 
classify and evaluate certainties. Research is explor¬ 
ing uncertainties to provide facts for science. Applied 
science seeks to find economic use of the principles 
discovered by basic or pure science. Gathering 
information is one of the tools of science. The 
information becomes science when it can be integrated 
into a proven theoretical framework. The framework 
may need modification as information accmes. Science 
should never be subjected to ideology, politics and 
unproved or improvable ideas. Such influences are 
disastrous for science as the famous Galileo trial had 
shown in 1663 when the great scientist was forced to 
recant his valid thesis that the Earth is not the center of 
the Universe: “I abjure, curse, and detest the aforesaid 
errors and heresies, and generally every other error”. 
Using big words and overcomplicated sentences are 
against the aim of sciences, which calls for lucidity. 
Coining new terms unless they facilitate communica¬ 
tion must be avoided. It is important to explore the exact 
contents and meanings of terms before application in 
communication to be sure they are not preempted. 

► experiment, ►genetics, ►misconduct scientific, 

► lysenkoism, ►creationism; theory of scientific 
discovery: Koshland DE Jr 2007 Science 317:761. 

Scientific Freedom: The right to pursue researches and 
publish the outcome. This right is limited, however, 
by the need to regulate activities that are directed 
against the well-being of humans, human economic 
activities and specifically the freedom to create 
biological and chemical terror weapons and publish¬ 
ing papers that may jeopardize public safety. Serious 
concerns arise about how to implement the regulation 
without fettering scientific inquiry and safeguarding 
society, ►bioterrorism, ►informed consent, ►bio¬ 
ethics; Fraser CM, Dando MR 2001 Nature Genet 
29:253. 

Scientific Misconduct: According to the NSF (National 
Science Foundation, USA) “fabrication, falsification, 
plagiarism, or other serious deviation from accepted 
practices.” ►publication ethics, ►ethics, ►miscon¬ 
duct scientific; Federal Register 18, March, 2002. 

Scintigraphy: The photographic location of radionu¬ 
clides within the body after introduction of radioac¬ 
tive tracers, ►radioactive label, ►radioactive tracer 

Scintillation Counters: Can be liquid scintillation 
counters or crystal scintillation-counters for solids. 
The counter is an electronic appliance where the 
sample is placed in a solution of organic compounds 
(cocktail). The radiation coming from the isotopes 
(even from the weak p-emitters) causes flashes in the 
fluorescing cocktail that are directed to a photoelectric 


cell. The cell then releases electrons that are amplified 
and registered (counted). Each flash corresponds to a 
disintegration of an atom of the isotope so the 
equipment displays (or prints out) the disintegrations 
per minute (dpm) or counts per minute (cpm), 
generally with background radiation subtracted. This 
information provides measures of the quantity of the 
label (or labeled compound). In the crystal scintilla¬ 
tion counter, the radiation (usually energetic y-rays, 
X-rays or p-rays) emitted by the isotope hits a crystal 
of sodium iodide containing traces of thallium iodide, 
and again the disintegrations are registered similarly 
to the liquid scintillation counter, ►radioisotopic 
tracers, ►radiolabeling, ►isotopes, ►dpm, ►radia¬ 
tion hazard assessment 

Scission: Cuts in both strands of a DNA molecule at the 
same place, ►nick 

Scissors Grip: ►Max 

Scissors, Molecular: ►Cre/loxP, ►excision vector, 
►targeting genes 

Scjl: A 40 kDa budding yeast chaperone in the 
endoplasmic reticulum, inducible by tunicamycin 
antibiotic but not by heat. ► chaperones; Nishikawa S, 
Endo T 1997 J Biol Chem 272:12889. 

SCK: A protein with phosphotyrosine binding domain 
but different from the SH2 domain of SRC. ►SRC, 
► SH2, ►PTB; Kojima T et al 2001 Biochem 
Biophys Res Commun 284:1039. 

SCLC: ►small cell lung carcinoma 

Sclerenchyma: Plant tissues with tough, hard cell walls. 

Scleroderma: A probably autosomal dominant disease 
involving scaly hardening of the skin and increased 
frequency of chromosome breakage, ►skin diseases; 
Whitfield ME et al 2003 Proc Natl Acad Sci USA 
100:12319. 

Scleroids: Cells with unusually hardened walls. 

Sclerosis: The hardening caused by inflammation or 
hyperplasia of the connective tissue. 

Sclerosteosis (SOST/BEER, 17ql2-q21): A rare reces¬ 
sive dysplasia of the bones displaying progressive 
sometimes-massive overgrowth distinct from osteo¬ 
petrosis. It may distort the face and may be 
accompanied by syndactyly. Its highly conserved 
glycoprotein product, sclerostin appear to be an 
antagonist of the bone morphogenetic protein and 
other members of the TGFp family. It contains 
cystine-rich “knots.” ►BMP, ►syndactyly, ►TGF, 
►van Buchem disease; Brunkow ME 2001 Am J 
Hum Genet 68:577; Balemans W et al 2001 Hum Mol 
Genetl0:537. 
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Sclerotia: ►hypha, ►ergot 

Sclerotome: Mesenchymal embryonic precursor of the 
vertebral column and ribs. 

SCMRE: A cis-acting element in the c-fos protoonco¬ 
gene and it is responsible for induction by some 
mitogens. ►FOS, ►protooncogene, ►cis, ►mitogen 

SCN: Sodium ion channel. 

scnDNA: A single-copy nuclear DNA. 

Scoliosis: In this condition, the spine is not straight but 
laterally curved (see Fig. SI 9); it may be due to 
polygenic causes or it can be part of skeletal 
syndromes. Its incidence is about 1-6% of the adult 
human populations. Kyphoscoliosis is a similar 
condition in mice, ►horizontal gaze palsy, ►lordosis, 
►kyphosis;BlancoGetal2001 HumMol Genet 10:9. 



Figure S19. Scoliotic pig 


S-Cone Syndrome (ESCS, encoded by PNR/NR2E3 
gene in human chromosome 15q23): A night blind¬ 
ness and blue light hypersensitivity because of defect 
in the retinal cones in the eye. ►eye diseases 

SCOP: The structural classification of proteins. 
(See Murzin AG et al 1995 J Mol Biol 247:536; 
Przytycka T et al 1999 Nature Struct Biol 6:672; 
http://scop.mrc-lmb.cam.ac.uk/scop. 

Scopes Trial: In 1925, John Scopes was convicted 
for breaking Tennessee state law (repealed in 1967) 
by teaching evolution in a public school. The verdict 
was later overturned on a technicality, ►intelligent 
design, ►creationism 

Scopolamine: ► Datura, ►alkaloids 

Score Test (Wald-Wolfowitz test): A non-parametric 
test to compare unmatched samples and all informa¬ 
tion is paired with a numerical score. It is assumed 
that the scores represent a continuous distribution. 
The null hypothesis is that the runs represent 
identical populations. (See Hays WL, Winkler RL 
1971 Statistics: Probability, Inference and Decision. 
Holt. Rinehart and Winston, New York). 

Scotomorphogenesis: The differentiation of plants in 
the absence of light, e.g., etiolated growth, ►brassi- 
nosteroids 


SCP 2 : A sterol carrier protein 2; probably the same as 
nsl-TP. ►sterol 

Scrapie: ►encephalopathies, ►Creutzfeldt-Jakob dis¬ 
ease, ►prion, ►kuru 

Scratchy: An in vitro method of combinatorial protein 
engineering independent of sequence identity. It 
involves incremental truncation of protein coding 
genes and then reshuffling and DNA fusion. The 
purpose is to improve protein function, ►iterative 
truncation; Lutz S et al 2001 Proc Natl Acad Sci USA 
98:11248. 

Screening: Selective classification of cell cultures for 
mutation or for special genes, conveying auxotrophy, 
antibiotic or other resistance, selecting antibodies by 
cognate antigens, plant populations for disease- or 
chemical-resistance, animal progenies for blood 
groups, etc. Narrow sense screening may not involve 
selective isolation but special criteria are used to 
distinguish in the growing population those indivi¬ 
duals who have a special trait. Genetic screening in 
animals is feasible by the use of RNAi. The RNA is 
introduced into pronuclear cells by injection and it is 
transmitted for several generations. The RNAi can 
knock down important genes and thus their function 
is revealed (Peng S et al 2006 Proc Natl Acad Sci 
USA 103:2252). ►genetic screening, ►genetic 
testing, ►knock-down, ►RNAi; Forsburg SL 2001 
Nature Rev Genet 2:659; Jorgensen EM, Mango SE 
2002 Nature Rev Genet 3:356. 

Screwworm: ► Cochliomya hominivorax, ►genetic 
sterilization, ►myasis 

Scribble: ►PDZ 

Scripton (transcripton): A unit of lambda phage 
transcription, ►lambda phage 

scRNA: Small cytoplasmic RNAs. ►snRNA 

scRNAP: Small cytoplasmic ribonucleoprotein. 

Scrotum: The pouch containing the testes and accessory 
sex organs of mammals. 

Scrunching (according to the Oxford Dictionary 
squeezing into a compact shape): At abortive or 
productive initiation of transcription RNA polymer¬ 
ase (RNAP) “scrunches” the DNA at a stationary 
stage to unwind DNA and pulls it into itself. The 
process requires RNA synthesis. Promoter escape 
also involves scrunching. (See Revyakin A et al 2006 
Science 314:1139; Kapanidis AN et al 2006 Science 
314:1144). 

Scutellum: The single cotyledon of the grass embryo 
(see Fig. S20). 
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Figure S20. S = scutellum, E = embryo 


SD: ► Segregation distorter , ►standard deviation 

Sdc25: A guanine-nucleotide release factor, similar to 
Cdc25. ►RAS, ►Cdc25, ►EF-Tu 

SDF-1 (stromal cell-derived factor): A chemokine and 
natural ligand of fusin. With its receptor CXCR-4 it 
mobilizes and promotes the proliferation of CD34 + 
cells. *CD34, ►fusin [LESTR], ►chemokines, 
►CXCR; Weber KS et al 2001 Mol Biol Cell 
12:3074. 

S-DNA: A mechanically stretched DNA that might have 
been extended 1.7 times of its normal contour length. 
► slipped-structure DNA, ►trinucleotide repeats; 
Cluzel P et al 1996 Science 271:792. 

SDP: ► short-day plants 

SDR (short dispersed repeats): Organellar DNA se¬ 
quences of 50-1000 bp that may occur in direct or 
inverted forms and may represent more than 20% of 
the chloroplast genomes of Chlamydomonas rein- 
hardtii alga and various land plants. Similar or 
shorter redundant sequences occur in the mitochon¬ 
dria of plants, animals and fungi. In Saccharomyces 
cerevisiae eight 200-300 bp ori and rep sequences 
and 200 G + C sequences of 20-50 bp may be 
clustered into several mtDNA gene families. Similar 
mobile G + C elements may occur in other fungi. 
SDRs have been exploited for forensic population 
studies, ►chloroplasts, ►mtDNA, ►mobile genetic 
elements, ►organelle sequence transfers; Seidl C et al 
1999 Int J Legal Med 112(6):355. 

SDR: ► strain distribution pattern 

SDS (sodium dodecyl sulfate): A detergent, used for 
electrophoretic separation of protein and lipids. 

Sds: A leucine-rich protein and regulates protein 
phosphatase 1C during mitosis of yeast, ►protein 
phosphatases; Peggie MW et al 2002 J Cell Sci 
115:195. 

SDS-PAGE: ►SDS-polyacrylamide gel 

SDS-Polyacrylamide Gels: Electrophoretic gel contain¬ 
ing sodium dodecyl sulfate (SDS, also called sodium 
lauryl sulfate [SLS], detergents) and polyacrylamide. 
This medium dissociates proteins into subunits and 


reduces aggregation. Generally, the proteins are 
denatured with heat and a reducing agent before 
loading on the gel. The polypeptides become negative¬ 
ly charged by binding to SDS and are separated in the 
gel according to size (rather than by charge). On the 
basis of the mobility, the molecular weight of the 
subunits can be estimated with the aid of appropriate 
molecular size markers (ladder) but caution is required 
because glycosylated proteins may not reflect the 
molecular mass of the protein. The concentration of the 
polyacrylamide determines the size of the polypeptides 
that can be separated. Polyacrylamides (bisacrylamide: 
acrylamide, 1:29) separates [kDa proteins] as follows: 
15% [12-43], 10% [16-68], 7.5% [36-94], 5% 
[57-212]. ►gel electrophoresis, ►electrophoresis 

SDT Test: A non-parametric sign test used in pedigrees 
to compare the average number of candidate alleles 
between affected and non-affected siblings. ►TDT, 
► sib TDT; Rieger RH et al 2001 Genet Epidemiol 
20(2): 175; http://www.sdtcorp.com/companyprofile. 
html. 

SE: ►standard error 

Sea Lion (Eumetopias jubatus , Zalophus california- 
nus): Other species occur also in Australia and 
New Zealand and other parts of the coastal oceans of 
the world. The chromosome numbers are 2n = 32 to 
36 in the different species. Some of the species form 
hybrids (see Fig. S21). 



Figure S21. Sea lion 


Sea Oncogene: An avian erythroblastosis virus onco¬ 
gene. The human homolog is at human chromosome 
llql3 in very close vicinity to INT2 and BCL1. 

► oncogenes 

Sea Urchins: Strongylocentrotus purpuratus (see 
Fig. S22) and Toxopneustus lividus , both 2n = 36, 
and other echinodermata have been favorable objects 
of cell cycle studies, fertilization, embryogenesis, 
development and evolution. They have very long life 
(>100 years) and produce annually millions of 
gametes. Their large-size eggs can be easily collected 
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and handled in the laboratory. Their non-adaptive 
immune system includes a highly complex system of 
receptors. The 814 megabase includes ~23,300 
genes. The average transcript length is 8.9 kb and 
the average gene length is 7.7 kb. The average exon 
were about 100-115 nucleotides whereas the introns 
~750 nucleotides. Most of the genes are in regions 
of 35 to 39% GC regions. Cytogenetic maps are 
not available. This outbreeding species is highly 
heterozygous and individuals display ~5% single 
nucleotide polymorphism (SNP), about ten times 
higher than that in humans. The sequenced 
S. purpuratus genome has orthologs of vertebrate 
genes for vision, hearing, chemosensation and 
several human diseases, genome: 2006 Science 
314:941; immune system: Rast JP et al 2006 Science 
314:952; transcriptome: Samanta MP et al 2006 
Science 314:960; for genome: http://www.ncbi.nlm. 
nih.gov/genome/guide/sea_urchin/; for embryol¬ 
ogy: http://www.stanford.edu/group/Urchin/; pro¬ 
teins : http://www.expasy.org/cgi-bin/get-entries?OC= 
Strongylocentrotus. 



Figure S22. Strongylocentrotus 


Seal: Callorhinus ursinus, 2n = 36; Zalophus califor- 
nianus , 2n = 36; Crystophora crystata , 2n = 34; 
Erignatus barbatus 2n = 34; Helichoereus grypus 
2n = 32. 

Search Engine: Uses the Internet as a source for finding 
keywords and documents. Frequently used search 
engines are Google, Yahoo, AltaVista and others. 

Sebastian Syndrome: ►May-Hegglin anomaly 

Sec6/8: A multiprotein complex that mediates cell-to- 
cell contacts and transport vesicle delivery. ►Golgi 
apparatus; Matem HT et al 2001 Proc Natl Acad Sci 
USA 98:9648. 

Sec63 (NPL1/PTL1): A 663-amino acid yeast trans¬ 
membrane chaperone protein with partial homology 
at the near-N-end of DnaJ. It interacts with Kar2, 
Ces61, Sec71, and Sec72 proteins, ►chaperones, 
►DnaK, ►Kar2, ►Sec61 complex, ►Mtjl; Young 
BP et al 2001 EMBO J 20:262. 


Sec61 Complex (Sec Y complex): Built of the three Sec 
subunits (a, p, y) and other proteins form a protein¬ 
conducting channel across the endoplasmic reticulum 
(ER) membrane. It associates with the large subunit 
of the ribosome of prokaryotes and eukaryotes and 
transports some of the nascent proteins into the lumen 
of the ER. A small molecule, cotransin (see Fig. S23), 
inhibits protein translocation into ER in a discrimina¬ 
tory manner of signal sequence (Garrison JL et al 
2005 Nature [Lond] 436:285). ►Sec proteins, 
►protein-conducting channel, ►ribosomes, ►endo¬ 
plasmic reticulum, ►protein synthesis, ►Sec63, 
► endoplasmic reticulum-associated degradation, 
►unfolded protein response, ►CAM, ►chloroplast 
import; Mori H, Ito K 2001 Proc Natl Acad Sci USA 
98:5128; Beckmann R et al 2001 Cell 107:361; van 
den Berg B et al 2004 Nature [Lond] 427:36. 



Figure S23. Cotransin 

SecA (a) Protein: (seven-component complex): A 
peripheral membrane domain of the translocase 
enzyme and it is the primary receptor for the SecB/ 
pre-protein complex by recognizing the leader 
domain of the pre-protein. Hydrolyzes ATP, GTP, 
promotes cycles of translocations and pre-protein 
release, ►membranes, ►translocase, ►Mss, ►Ypt, 
►Rab, ►translocase, ►translocon, ►protein target¬ 
ing, ► SRP, ►ARF, ►protein synthesis, ►endoplas¬ 
mic reticulum, ►exocytosis; Hsu SC et al 1999 
Trends Cell Biol 9:150; Jilaveanu LB 2005 Proc Natl 
Acad Sci USA 102:7511. 

SecB (p) Protein: A 17-subunit chaperone involved in 
translocation of pre-proteins by com-plexing and 
keeping them in the right conformation and binding 
to membrane surface of the endoplasmic reticulum. 
Recognizes both the leader and mature protein 
domains, ►chaperones, ►membranes, ►endoplas¬ 
mic reticulum, ►SRP, ►translocon, ►translocase, 
►protein targeting; Driessen AJ 2001 Trends 
Microbiol 9:193. 

Secis: The selenocysteine regulatory element in coding 
and non-coding regions of selenocystein genes in 
prokaryotes and eukaryotes (Mix H et al 2007 
Nucleic Acids Res 35:414). 
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Seckel’s Dwarfism 


Seckel’s Dwarfism (bird-headed dwarfism, 3q22.1-q24): 
A microcephalic autosomal recessive condition with 
reduced intelligence. The basic defect is in a 
phosphatidylinositol 3-kinase-like kinase. 

► dwarfism, ►microcephaly, ►phosphatidylinositol; 
O’Driscoll M et al 2003 Nature Genet 33:497. 

Second Cycle Mutation: Caused by the excision or 
movement of a transposable element and leave 
behind a footprint which still causes some type of 
alteration in the expression of the gene. This type 
of alterations may be connected with the defective 
nuclear localization of a transcription factor, ►trans- 
poson footprint, ►transposable elements, ►nuclear 
localization sequences 

Second Division Segregation: ►tetrad analysis, ►post¬ 
reduction 

Second-Harmonic Imaging Microscopy: Visualizes bio- 
molecular arrays in cells, tissues and organisms, 
►microscopy; Campagnola PJ, Loew LM 2003 
Nature Biotechnol 21:1356. 

Second-Male Sperm Preference: ►last-male sperm 
preference 

Second Messenger: Molecules with key roles in signal 
transduction pathways such as cyclic-AMP, cyclic- 
GMP, and others. Animal physiologists call hor¬ 
mones first messengers. In animal and plant cells 
Ca 2+ is also considered to play the role of second 
messenger. Inositol triphosphate is also a second 
messenger. ►cAMP, ►cGMP, ►mRNA, ►PIK, 

► PIP, ►signal transduction, ►G proteins 

Second Site Non-Complementation: ►non-allelic non¬ 
complementation 

Second Site Reversion: A suppressor mutation at a site 
different from that of the original lesion but is capable 
of restoring the normal reading of the mRNA. 

► suppressor tRNA, ►suppressor gene, ►reversion, 

► compensatory mutation 

Second Strand Synthesis: ►reverse transcriptase 

Secondary Constriction: ►nucleolar organizer, ►satell¬ 
ited chromosome, ► SAT 

Secondary Immune Response: An immune reaction 
conditioned by the memory cells when antigenic 
exposure occurs repeatedly, ►immunological memory 

Secondary Lymphoid Tissues: The lymph nodes and 
spleen (in contrast to primary lymphoid tissues, the 
bone marrow and thymus), ►immune system 

Secondary Metabolism: Produces molecules that are not 
basic essentials for the cells and their products occur 
only in specialized tissues, e.g., anthocyanin, hair 
pigments. Many of the secondary plant metabolites, 


e.g., phytoalexins, phenolics, flavone, pterocarpan, 
chlorogenic acid, sesquiterpenes, diterpene, sapo- 
nins, furanoacetylene, alkaloids, indole-derivatives, 
etc., are defense molecules against microbial patho¬ 
gens. Jasmonate-mediated genetic reprogramming of 
the transcriptome may reveal some basic aspects of 
the complex processes (Goossens A et al 2003 Proc 
Natl Acad Sci USA 100:8595). (See Dixon RA 2001 
Nature [Lond] 411:843). 

Secondary Nondisjunction: ►nondisjunction 

Secondary Response Genes: Their transcription is 
preceded by protein synthesis; probably primary 
response genes are involved in their induction. They 
are stimulated by mitogens alone without cyclohexi- 
mide. ►mitogens, ►primary response genes, ►signal 
transduction 

Secondary Sex Ratio: The proportion of males to 
females at birth, ►age of parents, ►sex ratio, 
►primary sex ratio 

Secondary Sexual Character: Usually accompany the 
primary sexual characters but they are not integral 
part of the sexual mechanisms, e.g., facial hair in 
human males, red plumage of the male cardinal birds, 
increased size bosoms in females and higher pitch 
voice, etc. ►primary sexual characters, ►accessory 
sexual characters 

Secondary Structure: The steric relations of residues 
that are next to each other in a linear sequence within 
a polymer such as a-helix, a pleated P-sheet of amino 
acids, ►protein structure; http://cmgm.stanford.edu/ 
WWW/www_predict.html . 

Secondary Trisomic (isotrisomic): The third chromo¬ 
some has two identical arms, originated by mis- 
division of the centromere or by the fusion of 
identical telochromosomes. ►trisomics, ►misdivi- 
sion, ►telosome 

Secondary-Ion Mass Spectrometry: A focused ion beam 
removes neutral and ionized atoms and molecules 
from a solid surface. These secondary ions are then 
accelerated and separated according to mass-to- 
charge ratio in a mass spectrometer, ►mass spectrum 

Secretagogue: A compound or factor that stimulates 
secretion, ►ghrelin; Pombo M et al 2001 Horm Res 
55 (Suppl. 1): 11. 

Secretases: a-secretase enzyme cleavage of APP 
(amyloid precursor protein) interferes with the 
production of a amyloids whereas cleavage by P- 
and y-secretase contributes to the formation of 
amyloid plaques. y-Secretase (transmembrane aspar- 
tyl protease) activity requires the presence of the 
protein nicastrin, which binds presenilin near the 
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active site, and there is an interaction among these 
and the fragment generated by p-secretase. The 
y-secretase complex has four components: presenilin, 
nicastrin, aph-1 and pen-2 (Kimberly WT, Wolfe MS 
2003 J Neurosci Res 74:353). The cytoplasmic tail of 
APP, released intracellularly by secretase y, teams up 
with histone acetyl transferase and other proteins and 
may promote gene expression. Cleavage of APP by 
p-secretase at the N-end releases APPsP (~100 kDa, 
N-terminal fragment) and a membrane-bound 12 kDa 
C-end fragment (C99). Cleavage by a-secretase 
generates the N-end APPsa and a membrane-bound 
10 kDa piece (C83). C99 and C83 can be further 
split by secretases and yield 4 kDa Ap (Alzheimer 
plaque material) and the harmless 3 kDa p3 peptides, 
respectively. y-Secretase generates the 40-residue and 
in smaller proportion, 42-residue Ap fragments. The 
latter forms the tangled brain fibers and the 
40-residues accumulate as brain plaques. p-Secretase 
cuts at Aspl, Val3 and dull and most commonly, 
Ap begins with Asp. Met—>Leu replacements favor 
the generation of amyloid plaques common in the 
early onset Alzheimer disease. Pinl prolyl isomerase 
binds the phosphorylated Thr 668-Pro motif in APP 
and increases its polymerization by three orders of 
magnitude. Overexpression of Pinl reduces Ap 
secretion but knockout of Pinl increases its secretion. 
Pinl knockout increases amyloidogenic APP proces¬ 
sing and selectively elevates the insoluble and toxic 
Ap42 (Pastorino L et al 2006 Nature [Lond] 440:528). 
The BACE transmembrane aspartic protease is a 
p-secretase. Secretase y has a role also in Notch- 
controled developmental processes. ►Alzheimer 
disease, ►P-amyloid, ►BACE, ►TACE, ►ADAM, 
►presenilins, ►memapsin, ►nicastrin, ►rhomboid 
protease, ►CD 147, ►Notch; Kopan R, Goate A 
2000 Genes Dev 14:2799; Cao X, Siidhof TC 2001 
Science 293:115; Esler WP, Wolfe MS 2001 Science 
293:1449; Fortini ME 2002 Nature Rev Mol Cell Biol 
3:673; Takasugi N et al 2003 Nature [Lond] 422:438. 

Secretion Machine (injectisome): The bacterial patho¬ 
gens of both animals and plants secrete about 20 
different proteins mediating infection of the host. 
Of these, nine are conserved across phylogenetic 
boundaries and appear to have a universal mRNA 
targeting signal, ►host-pathogen relation; Lee VT, 
Schneewind O 1999 Immunol Rev 168:241; injecti¬ 
some structure: Merlovits TC et al 2006 Nature 
[Lond] 441:637. 

Secretion Systems: Type III (~20 proteins) is a contact- 
dependent mechanism of transfer of bacterial patho¬ 
genicity island genes and toxins to other organisms. 
Type III secretion system (T3SS) has a complex 
needle structure (Galan JE, Wolf-Watz H 2006 Nature 
[Lond] 444:567). Bacterial plasmids may encode the 


pathogenicity island. Type IV/V: the autotransporters 
are the bacterial conjugation and the agrobacterial 
T-DNA transfer systems. Type II (12-14 proteins) is 
the general secretion system. The Type I system 
requires three proteins and it is encoded in pathoge¬ 
nicity islands or plasmids, ►pathogenicity island, 
► T-DNA, ►conjugation bacterial; Galan JE, Collmer 
A 1999 Science 284:1322; Bums DL 1999 Curr Opin 
Microbiol 2:25; Comelis GR, Van Gijsegem F 2000 
Annu Rev Microbiol 54:735; Fadouloglou VE et al 
2004 Proc Natl Acad Sci USA 101:70; secretion type 
III system assembly: Yip CK et al 2005 Nature 
[Lond] 435:702; secreted protein database: http://spd. 
cbi.pku.edu.cn. 

Secretion Trap Vector: Inserts a reporter gene, which is 
expressed in a transmembrane region. The constmcts 
may carry a region of the CD4 gene fused in-frame to 
the 5'-end of the reporter, e.g., LacZ , which can be 
than identified by Xgal at the membrane. ►CDd, 
►Xgal; Shirozu M et al 1996 Genomics 37(3):273. 

Secretion Vector: Besides an expressed stmctural gene, 
it carries a secretion signal to direct the gene product 
to the appropriate site. (See Bolognani F et al 2001 
Eur J Endocrinol 145:497). 

Secretome: Type III secretion system of bacteria serve 
as effectors for causing disease, ►secretion systems, 
►effector; Guttman DS et al 2002 Science 2002 
295:1722. 

Secretor: Secretes the antigens of the ABH blood group 
into the saliva. Fucosyltransferase, FUT is the same 
gene locus as SEC/SE but there is a difference in 
tissue-specific expression. ►ABH antigen, ►fuco¬ 
syltransferase; D’Adamo PJ, Kelly GS 2001 Altem 
Med Rev 6(4):390. 

Secretory Immunoglobulin A: An IgA dimer with a 
secretory component, ►immunoglobulins 

Secretory Proteins: Mainly glycoproteins that are 
released by the cell after synthesis, such as hormones, 
antibodies and some enzymes. Secretory proteins 
(^1400) are located in the endoplasmic reticulum 
(~64%) and in the Golgi-derived COP transport 
vesicles (~14%); about 29% occur in both (Gilchrist 
Aet al 2006 Cell 127:12165). 

Secretory Vesicle (secretory granule): Releases stored 
molecules such as hormones within the cell. Chro- 
mogranin A appears to control the biogenesis of the 
granules. ►Golgi apparatus, ►endocytosis; Kim T 
et al 2001 Cell 106:499. 

Sectioning: A generally required procedure for the 
preparation of biological specimens for histological 
examination. The material may need embedding before 
they are cut either free hand or by microtomes. Some 
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Sectored-Spore Colonies 


microtomes cut tissues frozen by C0 2 . The 1-20 pm 
thin sections are subsequently placed on microscope 
slides and subjected to a series of manipulations 
(paraffin wax removal, dehydration, staining) before 
examination, ►microtome, ►embedding 

Sectored-Spore Colonies: The colonies arise when the 
haploid spores carried heteroduplex DNA with 
different alleles in the heteroduplex region (see 
Fig. S24). ►heteroduplex 



Figure S24. Sectorial plant leaf 

Sectorial: Displays sectors, e.g., mitotic recombinant, 
sorting-out of organelles, somatic mutation, etc. 
►mosaic, ►chimeric 

Securins: They control the onset of the separation of 
sister chromatids during mitosis. The anaphase- 
promoting complex (APC) destroys securin before 
the sister chromatids can separate. Deletion of securin 
leads to chromosomal instability as it is common in 
cancer cells, ►sister chromatid cohesion, ►APC, 
► cohesin, ►separin, ►meiosis I, *CDC2, ►spindle; 
Sjogren C, Nasmyth K 2001 Curr Biol 11:991; 
Jallepalli PV et al 2001 Cell 105:445; Zhou Y et al 
2003 J Biol Chem 278:462. 

SecY Protein: An integral membrane component of 
bacteria involved in chaperoning the assembly of 
membrane and some soluble proteins, ►membrane; 
Veenendaal AK et al 2001 J Biol Chem 276:32559; 
Osborne AP et al 2007 Cell 129:97. 

SecY/E Protein: The membrane embedded domain of 
translocase enzyme consisting of SecY and SecE 
polypeptides. Stabilizes and activates Sec A and 
facilitates membrane binding, ►membrane, ►SecY 

SED: Spondyloepiphyseal dysplasia, bone diseases. 

Sedimentation Analysis: ►satellite DNA 

Sedimentation Coefficient: The rate by what a molecule 
sediments in a solvent. It is characterized by the 
Svedberg unit (S) that is a constant of 1 x 1(T 13 . S is 
derived from the equation s = (dx/dt)/co 2 x, where 
x = the distance from the axis of rotation in the 
centrifuge, co is the angular velocity in seconds (co = 0/ 
t, where 0 is the angle of rotation and t is time). At a 
constant temperature (20 °C) in a solvent s depends 
on the weight, shape and hydration of a molecule. The 
S value is used for the characterization of macro¬ 
molecules, e.g., RNA such as 16S (= 16 x 10 -13 ). 


Seed: ►microRNA 

Seed Alignment: Uses only one of each pair of 
homologs represented by a CLUSTAL W-obtained 
phylogenetic tree linked by a branch length <0.2. 

► CLUSTAL W, ►phylogenetic tree, ►MOST 

Seed Coat: ►integument 

Seed Development: ►embryogenesis in plants, ►endo¬ 
sperm; seed biology: http://www.seedbiology.de/ 
index.html. 

Seed in Genome Sequencing: ►genome projects 

Seed Germination: Requires the activation of >2000 
genes. The process begins by activation of the root 
apical meristem, followed by activation of the 
cotyledons, the shoot apical meristem and secondary 
meristems. Six D-type and two A-type cyclins have 
important roles, ►meristem, ►root, ►cyclins, ►ab- 
scisic acid; Masubelele NH et al 2005 Proc Natl Acad 
Sci USA 1002:15694. 

Seed Size: In Arabidopsis, seed size is controlled by at 
least 3 genes acting in the same pathway regulated by 
a kinase (Luo M et al 2005 Proc Natl Acad Sci USA 
102:17531). 

Seed Storage: Generally viability (germination and 
survival) of seed can be maintained by storage 
below -20 °C and low moisture content (<7-8%) well 
beyond the conditions of normal ambient temperature 
and humidity, ►freeze drying, ►artificial seed; 
Buitink J et al 2000 Proc Natl Acad Sci USA 97:2385. 

Seeding: To use a set of DNA fragments (in e.g., BACs) 
as the beginning points for chromosome walking. 
►BAC, ►genome projects, ►chromosome walking, 
►parking 

Seedless Fruits: May be the result of different 
genetic mechanisms. Aneuploids, triploids, self¬ 
incompatibility or gametic sterility genes may be 
most commonly responsible for this condition. 

► seedless watermelon, ►bananas, ►pineapple, ►na¬ 
val orange, ► stenospermocarpy, ►seedless grapes, 
►parthenocarpy 

Seedless Grapes: The result of a gene that causes early 
embryo abortion although fertilization occurs nor¬ 
mally (stenospermocarpy). ►seedless fruits 

Seedless Watermelons: Triploids (produced by cross¬ 
ing tetraploids with diploids). They are more 
convenient to eat since seeds do not have to be 
removed. Their flavor and sweetness may make them 
superior to conventional varieties, ►seedless fruits, 
►watermelon 

Segment Polarity of the Body Genes: Segment polarity 
of the body genes in Drosophila mutations are 
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involved in the alteration of the characteristic body 
pattern and are often accompanied by inverted 
repetition of the remaining structures. By cell-cell 
communication, they maintain the pattern imposed 
on them through subsequent developmental process¬ 
es. ►morphogenesis in Drosophila 

Segmental Aneuploid: Contains an extra chromosomal 
fragment(s) in addition to the normal chromosome 
complement; it is a partial hyperploid. ►hyperploid, 

► aneuploid 

Segmental Interchange: ►translocation chromosomal 

Segmentation Clock: An ensemble of numerous cellular 
oscillators located in the unsegmented pre-somitic 
mesoderm, controls segmentation as it travels ante¬ 
riorly in the embryo (Horikawa K et al 2006 Nature 
[Lond] 441:719). 

Segmentation Genes: Control the polarity of body 
segments in animals, ►morphogenesis in Drosophi¬ 
la , ►metamerism; Zakany J et al 2001 Cell 106:207; 
Dubrulle Jet al 2001 Cell 106:219; TautzD 2004 Dev 
Cell 7:301. 

Segmentation of Microarray Spots: The separation of 
the not entirely circular signal spots from the 
background. 

Segmented Genomes: For example, the DNA of T5 
phage is in four linkage groups, the RNA genetic 
material of alfalfa mosaic virus is in four segments. 

Segregation: The separation of the homologous chro¬ 
mosomes and chromatids at random to the opposite 
pole during meiosis and carrying in them the alleles 
to the gametes. Independent segregation of non- 
syntenic genes (or ones, which are more than 50 map 
units apart within a chromosome) is one of the basic 
Mendelian rules. In the haploid products of meiosis 
of diploids, the 1:1 segregation of the alleles may 
be identified. Sometimes “x-segregation” is distin¬ 
guished when after mitotic crossing over at the four- 
strand stage, each of the daughter cells carries one 
recombinant and one parental strand, and this is most 
common. At “z-segregation” the distribution of the 
chromosomes into the daughter cells is biased 
inasmuch as one of them carries two parental 
and the other two recombinant strands. Mitotic 
nondisjunction has been called “y-segregation.” 
►Mendelian laws, ►autopolyploid, ►tetrad analysis, 

► segregation distorter, ►preferential segregation, 

► epistasis, ►meiosis, ►mitotic crossing over, 
►nondisjunction, ►chromosome segregation, ►par¬ 
titioning, ► condensin, ►cohesin, ►separin; Ghosh 
SK et al 2006 Annu Rev Biochem 75:211. 

Segregation Analysis: The analysis reveals the pattern 
of inheritance whether it is autosomal recessive, 


autosomal dominant, X-linked recessive or dominant, 
multifactorial, penetrance, expressivity of a gene(s). 
This the first, sometimes laborious step, especially in 
human genetics where controlled matings are not 
available, before gene frequencies, genetic risk, 
recombination, etc. can be meaningfully estimated. 
(See mentioned terms at separate entries; http:// 
hasstedt. genetics .Utah, edu/) . 

Segregation, Asymmetric: The differentiation and mor¬ 
phogenesis require that the progeny cells would differ 
from the mother cell after cell division. This difference 
is brought about by the unequal distribution of cellular 
proteins, ►morphogenesis in Drosophila 

Segregation Distorter: A dominant mutation (, Sd, , map 
position 2-54 in Drosophila). When it is present, the 
homologous chromosomes (and the genes within) are 
not recovered in an equal proportion after meiosis. 
The second chromosomes that carry it are called SD 
and may be involved in chromosomal rearrangement 
and other (lethal) mutations. At the base of the left 
arm they may have E(SD) [enhancer of Sd\ or Rsp 
(Responder of SD, at the base of the right arm), and 
more distally St(SD), Stabilizer of SD and other 
components of the system. SD/+ males transmit 
the SD chromosome to about 99% of the sperm. 
When Rsp is in the homologous chromosome, Sd is 
preferentially recovered. Sd is actually a tandem 
duplication of a 6.5 kb segment, and transformation 
by a 11.5 kb stretch of its DNA confers full Sd activity 
to the recipient flies. The sequence carries two nested 
genes, ( dHS2ST ), a homolog of the mammalian 
heparan-sulfate 2-sulfotransferase and dRanGAP, a 
guanine triphosphatase activator of the Ras-related 
Ran protein. It appears that the truncation of RanGAP 
is responsible for the poor transmission of the 
spermatids. Some of the other elements of the system 
act in a modifying manner and may cause recombi¬ 
nation in the male. In many species of insects, the 
infection of males by the bacterium Wolbachia kills 
the offspring of the infected males x uninfected 
females but the viability of the infected eggs is 
normal. In mice, the transmission ratio distorter 
system (TRD) that impairs sperm flagellar motility 
and the Ter (t complex responder) in cooperation 
with other genes located within chromosome 17 
(t haplotype) affects chromosome segregation. The 
chromosome carrying the Ter gene (even as a trans¬ 
gene at another location) enjoys high transmission in 
the presence of Ted. The Ted genes can act in both cis 
and trans position whereas Ter (80 kb protein kinase) 
acts in cis position. Ter represents a fusion between a 
part of the ribosome S6 protein kinase (Rsk3) and 
another gene of the microtubule affinity-regulating 
(MARK) Ser/Thr protein kinase family. The Ter gene 
appears to have descended from a rearrangement 
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between a member of the Smok (sperm motility 
kinase) family and a Rsk allele. Eventually, a practical 
method can be devised to increase one or the other sex 
by moving Ter either to the X or to the Y chromosome 
of farm animals without relying on sperm sorting and 
artificial insemination, ►lethal factors, ►meiotic 
drive, ►transmission disequilibrium, ►certation, 
►preferential segregation, ►polarized segregation, 
►megaspore competition, ►tetrad analysis, ►gene 
conversion, ►epistasis, ►pollen-killer, ►infectious 
heredity, ►RAS, ►RAN, ►RSK, ►heparan sulfate, 

► sex-ratio, ►spirochetes, ►dosage compensation; 
Powers PA, Ganetzky B 1991 Genetics 129:133; 
Schimenti J 2000 Trends Genet 16:240; Pardo- 
Manuel De Villena F, Sapienza C 2001 Mamm 
Genome 12:331. 

Segregation Index: The gene number in quantitative 
traits, also called effective number of loci, ►gene 
number in quantitative traits 

Segregation Lag: The mutation or transformation is 
expressed only by third division of the bacteria until 
all chromosomes are sorted out. ►phenotypic lag; 
Angerer WP 2001 Mutation Res 479:207. 

Segregation Ratio: The phenotypic (genotypic) propor¬ 
tions in the progeny of a heterozygous mating. 

► segregation, ►Mendelian segregation, ►modified 
Mendelian ratios, ►ascertainment test 

Segregational Petite: ►petite colony mutants, 
►mtDNA 

Segregational Sterility: A heterozygote produces un¬ 
balanced gametes, ►inversion, ►translocation, ►ga- 
metophyte factor, ►hybrid dysgenesis, ►segregation 
distorter 

Seip Disease: ►lipodystrophy familial 

Seitelberger Disease: A degenerative encephalopathy 
(infantile neuroaxonal dystrophy), ►encephalopathies 

Seizure: A sudden attack precipitated by a defect in the 
function of the nervous system. Audiogenic seizures 
are due to multifactorial mutations in the mouse, upon 
exposure to loud high-frequency sound, ►epilepsy, 

► double cortex, ►periventricular heterotopia 

Sekl (MKK): A tyrosine and threonine dual-specificity 
kinase involved in the activation of SAPK/JNK 
families of kinases and it protects T cells from Fas and 
CD3-mediated apoptosis. ►SAPK, ►JNK, ►Fas, 

► CD3, ►apoptosis, ►T cell; Yoshida BA et al 1999 
Cancer Res 59:5483. 

Seladin-1: A mediator of Ras-induced senescence. 
►RAS, ►senescence; Wu et al 2004 Nature [Fond] 
432:640. 


Selaginella (club moss): Primitive green plant with 
small genome size (~132 Mb) (see Fig. S25). It is a 
suitable model plant for evolutionary and develop¬ 
mental studies. It has both female and male 
gametophytes but rather than producing seed, the 
fertilized megaspore (embryo) remains embedded in 
the vegetative tissue of the female gametophyte and 
starts its development at that place. (See http://www. 
genome.arizona.edu/BAC_special_projects/). 



Figure S25. Selaginella 


SelB: A prokaryotic translation factor homologous to 
eIF-2A and eIF-2y. ►eIF-2A 

SELDI-TOF (surface enhanced laser desorption/ 
ionization-time of flight spectrophotometry): A 
special form ofMAFDI-TOF procedure for the study 
of protein-protein interactions. ►MAFDI-TOF; 
Bane TK et al 2000 Nucleic Acids Res 30(14):e69. 

Selectable Marker: Permits the separation of indivi¬ 
duals (cells) that carry it from all other individuals, 
e.g., in an ampicillin or hygromycin medium (of 
critical concentration) only those cells (individuals) 
can survive that carry the respective resistance genes 
(selectable markers). The aequorin gene equipped 
with an appropriate promoter may light up the tissue 
of expression in insects. Many different genes may 
serve as selectable markers (mutant dihydrofolate 
reductase [DHFR)], methylguanine methyltransfer- 
ase [MGMT)] multidrugresistance [MDR1]). Select¬ 
able markers such as antibiotic (used in medical 
practice) resistance are undesirable in producing 
transgenic crops, ►aequorin 

Selectins: These are cell surface carbohydrate-binding, 
cytokine-inducible, transmembrane proteins. They 
also bind to endothelial cells in the small blood 
vessels along with integrins and enable white blood 
cells and neutrophils to ooze out at the sites of small 
lacerations to combat infection. F-selectin facilitates 
the entry of lymphocytes into the lymph nodules by 
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binding to CD34 cell adhesion molecules. The ESL-1 
selectin ligand is a receptor of the fibroblast growth 
factor. The selectins contain an amino-terminal lectin 
domain, an element resembling epidermal growth 
factor and a variable number of complementary 
regulatory repeats and a cytoplasmic carboxyl end. 
The P (Iq23-q25) and E (Iq23-q25) selectins recruit 
T helper-1 but not T helper-2 cells to the site of 
inflammation. L-selectin may promote metastasis of 
cancer cells, ►integrins, ►cell adhesion, ►cell 
migration, ►FGF, ►EGF, ►lectins, ►T cell, 

► TACE, ►leukocyte adhesion deficiency, ►metas¬ 
tasis, ► integrins; Dimitroff CJ et al 2001 J Biol Chem 
276:47623. 

Selection: The unequal rate of reproduction of different 
genotypes in a population. Bacteria are particularly 
well suited for the study of the consequences of 
long-term selection because on simple culture media 
the evolving population after 20,000 generations 
can be compared to the ancestral ones. In an 
experiment of similar nature, two genes affecting 
DNA supercoiling (topA, fis ) proved competitive. 
DNA supercoiling affects cell viability, replication, 
repair, transcription, recombination and transposition 
(Crozat E et al 2005 Genetics 169:523). In the 
constant environment of a chemostat a bacterial 
population substantially diverged in several direc¬ 
tions within less than a month (Maharjan R et al 2006 
Science 313:514). ►selection coefficient, ►allelic 
fixation, ►genetic load, ►fitness of hybrids, ►selec¬ 
tion and population size, ►mutation pressure and 
selection, ►genetic drift, ►selection types, ►non- 
Darwinian evolution, ► selection conditions, ► selec¬ 
tion purifying, ►screening, ►natural selection, 

► chemostat; Brookfield JFY 2001 Curr Biol 11:388. 

Selection and Population Size: In very small population, 
chance (random drift) may be more important than 
the forces of selection in determining allelic frequen¬ 
cies. When the selection pressure becomes very large, 
even in small populations there is a good chance for 
the favored allele to become fixed, ►allelic fixation, 
►random drift, ►genetic drift; in human populations: 
Kreitman M 2000 Annu Rev Genomics Hum Genet 
1:539. 


Selection, Balanced: ►balanced polymorphism 

Selection Coefficient: The measure of fitness of 
individuals of a particular genetic constitution relative 
to the wild type or heterozygotes in a defined 
environment. If the fitness is zero the selection 
coefficient is 1. In other words, if an individual 
does not leave offspring (fitness is zero), the 
selection against it in a genetic sense is 1 (100%). 
The selection coefficient is generally denoted as (s) or 
(t), where the former indicates the selection coefficient 
of the recessive class and (t) indicates the selection 
coefficient of the homozygous dominants. The mean¬ 
ing and relation of fitness and selection coefficients in 
a population complying with the Hardy-Weinberg 
theorem is best illustrated in Table S1 . 

In case we take the fitness of one genotype as 
unity (in this case we choose the heterozygotes, e.g., 
w 2 = 1), then the standardized fitness becomes: 

Wl j i w i 

— = 1 — s and s = 1- 


w 2 


w 2 


. .. . w 3 , W 3 

similarly — = 1 — t and t = 1- 

w 2 w 2 

► fitness, ►allelic frequencies, ►Hardy-Weinberg 
theorem, ►advantageous mutation 

Selection Conditions: Selection may operate at different 
levels beginning in meiosis (distorters, gametic 
factors) or at any stage during the life of the individual 
beginning with the zygote through the entire 
reproductive period. The intensity of the selection 
depends on the genes, the overall genetic constitution 
of the individual and the environment, including the 
behavioral pattern of the population (e.g., protecting 
the young and infirm). The formulas representing the 
various means of selection were derived from the 
Hardy-Weinberg theorem p 2 + 2pq + q 2 = 1 (see 
Table S2) and their use is exemplified. 

The genotypic contributions to the AA , Aa and aa 
phenotypes are p 2 , 2pq and q 2 (l - s), respectively, 
where s is the selection coefficient (►selection 
coefficient for derivation of s). 

The total contribution is now reduced from 1 to 
1 - sq 2 because sq 2 individuals are eliminated by 
selection. Thus, the new frequency of the recessive 
alleles becomes q i and the 


Table SI. Selection and fitness in a Hardy-Weinberg population 


Genotypes 


Zygotic frequencies 
Fitness 

Gametes produced 


P 

w 1 

(Wi) X (p 2 ) 


2pq 

w 2 

(w 2 ) x (2pq) 


q 

w 3 

(w 3 ) x (q 2 ) 
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Table S2. Formulas to calculate the change in allelic frequencies per generation at various conditions of selection. 
In case s or q is very small, omission of the sq product from the denominator may be of very little consequence for 
the outcome 


Type of selection Increase (+) or decrease (-) in 

the rate of change of an allele 
(A q) per generation 


1. Selection against gametes sgy-g) 

1 -sq 


2. Differential selection in males and females (without sex linkage) q 2 [i - ± (s male + s female )] 


3. Selection at X-chromosome linkage 


gametic in the heterogametic and 
zygotic in the homogametic sex 


4. Selection against recessive lethals 

5. Selection against the allele in absence of dominance 

6. Selection against dominant lethals 

7. Partial selection against homozygous recessives in case of 
complete dominance 

8. Partial selection against completely dominant alleles 

9. Selection against recessives in autotetraploids 

10. Selection against intermediate heterozygotes 

11. Selection against heterozygotes 

12. Selection against both homozygotes (heterozygote advantage) 


q 2 

1 +q 

^sq^-q) 
1 -sq 

+(1 - 9) 

sq 2 (1-qQ 

1 -sq 2 


I sq 2 (1-q) 

+ 1-s(1-q) 2 

— spq 4 

sqQ-q) 

1-2 sq 

+ 2 spq{q - 

■ Pq(s-\p—S2q) 
^ 1 -s^p 2 -s 2 q 2 



q 2 [\ -s] +pq 

Qi =-;- 2 - 

1 — sq z 

change in the frequency of q, is A q = - — q 

which reduces to sc \ The effectiveness of the 
selection also depends on the frequency of the allele 
involved. Selection against rare recessive alleles may 
be very ineffective because only the homozygotes are 
affected. Selection most frequently works at the level 
of the phenotype and the recessives may not influence 
the fitness of the heterozygotes. At low values of q the 
majority of the recessive alleles is in the heterozy¬ 
gotes and thus sheltered from the forces of selection. 
Dominant, semidominant and codominant alleles 
may be, however, very vulnerable if they lower the 
fitness of the individuals. As an example let us assume 
that the frequency of a recessive allele is q = 0.04 and 
by using formula 4 shown in Table S2 the change in 

allelic frequency per generation is A q = — = 

— 0.00154 and after n = 25 generations, the initial 
frequency of the gene, q 0 = 0.04 changes to: q n = 

= i+[ 25 x 0 . 04 ] = 002 meaning that complete 


elimination of all homozygotes (s = 1) for 25 
generations reduces only to half the frequency of 
that recessives allele. The initial zygotic frequency 
of (0.04) 2 = 0.0016 (1/625) will thus change to 
(0.02) 2 = 0.0004 (1/2500). 


If the same deleterious allele would be semidomi¬ 
nant and it conveys a fitness of 0.5 relative to the 
homozygotes for the other allele, according to 
formula 5 in Table S2, the change of the frequency 
of this semidominant allele in a generation becomes: 
Aq = - Mjgggl a -0.0098. Thus, a semi- 
dominant allele with 0.5 selection coefficient will be 
selected against more than six times as effectively as a 
recessive lethal factor because 0.0098/0.00154 = 6.4 
in these examples. 

The number of generations required to bring about 
a certain change in gene frequencies can be calculated 
in the simple case when the homozygous recessives 
are lethal, i.e., the selection coefficient is, s = 1: 

^generations = ^ ^ ^ whefe * S the 


frequency of the allele and q T i s its frequency after T 
generations. If it is assumed that the genotypic 
frequency is (q 0 ) 2 = 0.0001 and q 0 = 0.01 then the 
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number of generations required to reduce the initial 
frequency to q T = 0.005 is T = = 100. 

After 100 generations then the frequency of the 
recessive lethal allele becomes (q T ) 2 = (0.005) 2 = 
0.000025 = 1/40,000 compared to the initial 
frequency of 1/10,000. The effectiveness of selection 
is much influenced by the heritability of the allele 
concerned. In complex cases more elaborate compu¬ 
tations are required that cannot be illustrated here. 

► selection coefficient, ►balanced polymorphism, 
►mutation pressure opposed by selection, ►selection 
and population size, ►allelic fixation, ►genetic load, 

► fitness of hybrids, ►gametophyte, ►QTL, ►heri¬ 
tability, ► gain, ►mutation neutral 

Selection, Cyclic: Different phenotypes are selected 
depending on seasonal variations in the environment. 

Selection Differential: ►gain 

Selection Index in Breeding: ►gain 

Selection Inferred from DNA Sequences: Different types 
of natural selection (negative selection, recurrent 
positive selection, balancing selection) affect the 
pattern of variation in DNA sequences although 
recent population growth, bottlenecks and population 
subdivisions confound the pattern of genetic variation 
and may mimic the effects of natural selection. If 
synonymous mutations are neutral then natural 
selection at non-synonymous sites can be effectively 
tested. A non-parametric test can compare allele 
frequency spectrum of segregating sites among 
regions of functional classes. Because of being non- 
parametric the comparisons encounter difficulties 
in biological interpretation with other methods. A 
maximum likelihood method can infer, however, 
both selection and demographic changes. Assuming 
that non-coding single nucleotide polymorphism 
(SNP) is selectively neutral and correction can be 
made to determine selection among non-synonymous 
changes. Experimental data indicate negative selec¬ 
tion on non-synonymous alterations (as expected) 
and the strength of selection is most explicit when 
the amino acid substitutions involve radical 
changes (Williamson SH et al 2005 Proc Natl Acad 
Sci USA 102:7882). ►non-parametric test, 
►non-synonymous codon, ►maximum likelihood, 

► selection types, ►SNIPs, ►McDonald-Kreitman 
hypothesis 

Selection Intensity: ►gain 

Selection—Medical Care: The progress of effective 
medical care saves increasing number of human lives. 
Some of the saved individuals will have a chance 
to transmit deleterious genes to their offspring so 
eventually some increase in detrimental alleles is 
expected. Non-synonymous mutations reduce fitness 


by an average of 4.3% and selection acting against 
non-synonymous polymorphism is 9 xlO -5 . This 
also indicates that medical care may not affect the 
extent of fitness too much but it is very difficult to 
identify the gene involved in complex diseases. 
(Eyre-Walker A et al 2006 Genetics 173:891). 
► selective abortion, ►genetic risk, see Fig. S26. 

Selection, Long Term: Plant and animal breeders carry 
on selection for many generations and the effective¬ 
ness is reduced less than expected based on selection 
for single desirable genes/traits. The cause of the 
effectiveness is that multiple interacting genes 
determine the majority of traits of agricultural interest 
(Carlborg O et al 2006 Nature Genet 38:418). 
►polygenic inheritance, ►QTL, ►gain 

Selection, Negative: Maintains disadvantageous alleles. 
The term is also used in the sense of elimination 
disadvantageous alleles, ►drift genetic, ►hitchhik¬ 
ing, ► selection purifying 

Selection, Natural: ►natural selection 

Selection Positive: Maintains the advantageous alleles. 
(See selection motif tool: http://oxytricha.princeton. 
edu/SWAKK/). 

Selection Pressure: The intensity of selection affecting 
the frequency of genes in a population, ►volatility 

Selection, Purifying: Acts against the heterozygotes of a 
new allele with lower fitness. Asexual reproduction 
favors the accumulation of deleterious mutations. 
Mitochondrial mutations in asexual lineages of 
microcrustacean Daphnia pulex accumulated delete¬ 
rious mutation four times the rate compared to sexual 
lineages (Paland S, Lynch M 2006 Science 311:990). 
►hitchhiking, ►genetic drift, ►Muller’s ratchet 

Selection Response: (heritability) x (selection differen¬ 
tial). ►heritability, ►gain 

Selection Types: (i) Stabilizing favors the intermediate 
forms that have ability to survive under the most 
common but opposite conditions (such as cold and 
heat, draught and excessive precipitation), (ii) Direc¬ 
tional selection shifts the mean values of a population 
either toward higher or lower values than the current 
mean, (iii) Disruptive selection breaks up the popula¬ 
tion into two or more subpopulations that each has 
adaptive advantage in particular niches of a larger 
habitat, (iv) Frequency-dependent selection favors an 
allele when it is relatively rare and may turn against it 
when it becomes abundant. Common examples are 
found in host-parasite, predator-prey relationships or 
in resource utilization (see Fig. S27) (Carius HJ et al 
2001 Evolution 55:1136). 
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Figure S26. The effect of medical care on the incidence of human diseases. Thus the improvement of medical services 
may lead to deterioration of the gene pool. If the initial frequency of a detrimental recessive allele is 0.001 or less, the 
consequences of the selection may not be evident for about 300 years. Even after thousands of years of selection the 
increase of incidence is relatively modest. The frequency of dominant lethal or dominant semi-lethal alleles may increase 
much faster. (Redrawn after Bodmer WF, Cavalli-Sforza LL 1976 Genetics, Evolution, and Man. Freeman, San Francisco, 
California) 

virulent viruses may outcompete the less aggressive 
types even when they may kill the host faster. ► fitness, 

► selection apostatic selection, ►selection cyclic, 

► competition, ►artificial selection 

Selection Value: ►selection index, ►gain 

Selective Abortion: The termination of a pregnancy by 
precocious removal of the fetus from the womb if the 
condition of the mother or of the fetus medically 
justifies it and the legal system permits it. The genetic 
constitution or condition of the fetus may be tested 
with the aid of amniocentesis or sonography. From 
the viewpoint of genetics, selective abortion may pose 
biological problems. If all families would compensate 
for the abortions elected based on genetic defects, the 
frequency of these defective genes may actually rise in 
the population. This may happen because it assists 
heterozygotes for genetic abnormalities to leave 
offspring that—although may not display the morbid 
trait—can again transmit the undesirable genes to 
future generations. If all carriers would refrain from 
reproduction, the frequency of the deleterious genes 



Stabilizing 


Directional 


Disruptive 


Figure S27. Top: Original frequency distribution of po¬ 
pulations. Below: The shifts in distribution after selec¬ 
tion. (After Mother K 1953 Symp Soc Exp Biol 7:66) 


When the number of predators increase beyond a 
point there will not be enough prey to maintain the 
predators and their number will decrease. Similarly, 
when animals overgraze in the natural habitat, 
ultimately their population decreases. Similarly, highly 




































Selenium-Binding Protein Deficiency 1779 


may sink to the level of new mutations. Selective 
abortion may involve also ethical, moral and political 
problems but these are beyond the scope of genetics. 

► abortion spontaneous, ►abortion medical, ►preg¬ 
nancy unwanted, ►amniocentesis, ►counseling ge¬ 
netic, ► selection and medical care, ►sterilization 
humans, ►ethics, ►bioethics, ►genetic screening 

Selective Advantage: In population genetics, selective 
advantage is expressed by the relative fitness of 
bearers of (two) genotypes. Generally the wild type 
has greater fitness (W N ) than a mutant type (W M ) and 
their relative fitness is (W N )/(W M ). W (fitness) is the 
reproductive success. Usually, (W N )/ (W M ) = 1 - s, 
where s is the selection coefficient indicating the 
disadvantage of the mutant type. In case the fitness of 
a genotype exceeds 1 it has an advantage in survival. 

► selection coefficient, ►fitness, ►beneficial muta¬ 
tion, ► codon usage 

Selective Fertilization: Some sperms, because of their 
gene content, may be at a disadvantage in competition 
with other sperms for penetrating the egg, or where 
multiple eggs or megaspore cells are formed, their 
success depends on their genetic constitution. 
Because of this, the genetic segregation may deviate 
from the standard Mendelian expectation, ►gamete 
competition, ►certation, ►megaspore competition, 
►meiotic drive, ►sperm 

Selective Medium: Only permits the propagation of 
individuals or cells that carry a selectable marker, 
such as high or low temperature, antibiotic, drug 
resistance, etc. (see Fig. S28) ►selectable marker 


Selective Peak: Determined by the genetic homeostasis 
of a population, i.e., the gene frequencies are 
maintained at this optimum as long as catastrophic 
changes in the environment do not occur, ►homeo¬ 
stasis, ► adaptive landscape 

Selective Screening: ►screening, ►selective medium, 
►mutation detection 

Selective Sieve, Extent of: The rate of substitution at a 
gene site/mutation rate for the gene. 

Selective Sweep: The rapid establishment of advanta¬ 
geous allele(s) in a population. Such alleles may carry 
along other linked genes too by a mechanism of 
hitchhiking. Less advantageous mutations may 
also be swept along with linked advantageous ones. 
The selective sweep may reduce the genetic variation 
in the population, ►hitchhiking, ►selection types, 
► selective advantage, ►mutation beneficial; 
Nurminsky DI et al 1998 Nature [Lond] 396:572. 

Selective Value: ►fitness, ►selection coefficient 

Selectivity Factor (SF): A human general transcription 
factor homologous to TFIIB of other eukaryotes, 
►transcription factors 

Selectivity Filter: Functions as a gatekeeper to allow or 
prevent the access of another (small) molecule into 
s structural pocket of a protein. Aromatic amino acids 
(being relatively bulky) permit the access of larger 
structures whereas smaller amino acids are more 
restrictive. Selective filters have significance for the 
development and effectivity of special drugs. 



Figure S28. Hygromycin medium. Left: Arabidopsis 
plants transgenic for resistance; right: Wild type fails to 
grow (Redei, unpublished) 


Selective Neutrality: Assumes that random drift is 
responsible for the allelic frequencies in a particular 
population, i.e., all alleles at a locus have the same 
selective value, ►random genetic drift, ►allelic 
frequencies 


Selector Genes: These are supposed to specify 
segmental differences during morphogenesis, such 
as anterior/posterior or dorsal/ventral. The selector 
genes after receiving morphogenetic signals may 
team up with the relevant other transcription factor 
genes and recruit a number of specific activators to 
turn on the transcription of specific morphogenetic 
genes (see Fig. S29). The process of differentiation of 
an organ may take place by two major steps. First, the 
body position is specified and then the pattern of 
differentiation is determined. Selector genes are used 
also for genes that facilitate selection of transformed 
cells, e.g., neomycin, kanamycin, hygromycin resis¬ 
tance and others, ►morphogenesis, ►morphogenesis 
in Drosophila , ►signal transduction, ►differentia¬ 
tion, ► imaginal disc; Affolter M, Mann R 2001 
Science 292:1080; Guss KA et al 2001 Science 
292:1164; Ao Wet al 2004 Science 305:1743. 



Selenium-Binding Protein Deficiency (SP56, Iq21-q22): 
Causes neurological disorder and sterility due to the 
deficiency of a 56 kDa protein and other selenopro¬ 
teins. Selenium may have anticarcinogenic property. 
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Imaginal discs 


Signals 

i 

Notch (N) > 

Wingless (wg) > 

Hedgehog (hh) > 

Decapentaplegic (dpp) > 

Epidermal growth factor (EGF)> 

Figure S29. Selector gene responses and expression 



Selector genes 

i 

Distal-less (Dll), Homothorax (hth) 
Dll, hth, Antennapedia (Antp) * 
Eyeless (ey) - - ' " ^ 
Vestigial (vg) ^ ^ 

UItrabithorax (Ubx), vg ' 



► selenocysteine; Martin-Romero FJ et al 2001 J Biol 
Chem 276:29798. 

Selenocysteine (SC, C 6 H 12 N20 4 Se2): A reactive, very 
toxic, oxygen-labile amino acid. Selenophosphate 
is the donor of selenium for the synthesis of 
selenocysteyl-tRNA, which has the UCA anticodon 
and SC incorporation is directed by the UGA (usually a 
stop) codon. In bacteria, a special mRNA fold 
immediately following UGA mediates the incorpora¬ 
tion of SC, carried by its own tRNA. The loop binds the 
SelB protein, which acts like a somewhat unusual 
elongation factor. In mammals, the loop (called SECIS) 
is locked at the end of the mRNA. Two proteins carry 
out the function of SelB. SBP2 binds the SECIS 
element whereas eEFSec binds the selenocysteine 
tRNA. Incorporation of selenocystein into proteins 
requires a selenocystein-specific translation elongation 
factor (eEFSec) and a SECIS binding protein (SBP2). 
SBP2 associates with the 28S RNA of the ribosome 
(Kinzy SA et al 2005 Nucleic Acids Res 33:5172). 
Thus, SC is the 21st “natural” amino acid. A putative 
selenocysteine synthase had been identified as a pyri- 
doxal phosphate-containing protein called soluble liver 
antigen. The activity of this synthase was characterized 
using selenophosphate and a tRNA aminoacylated with 
phosphoserine as substrates to generate selenocysteine. 
Identification of selenocysteine synthase allowed the 
delineation of the entire pathway of biosynthesis in 
mammals. Selenocysteine synthase is present only in 
those archaea and eukaryotes that make selenoproteins 
(Xu X-M et al 2007 PloS Biol 5(l):e4). 

Selenocysteine-containing proteins (glutathione 
peroxidase, 5'-deiodinases, formate and other dehy¬ 
drogenases, glycine reductase) may have substantial¬ 
ly higher or lower catalytic activity and may have 
theoretical and applied interest. Selenoproteins may 
be scavengers of heavy metals and may favor survival 
of cultured neurons. Removal of the selenocysteine 
tRNA Sec causes embryonic lethality in mice. Deiodi- 
nation enzymes catalyze deiodination of thyroid 


hormones and modulate the level of these hormones. 
Selenoprotein-binding protein binds to deiodinase 
2 and causes thyroid disease (Dumitrescu AM et al 
2005 Nature Genet 37:1247). In a marine gutless 
worm, Olavius algarvensis 99 selenoprotein genes 
that clustered into 30 families were found. In 
addition, several pyrrolysine-containing proteins 
were identified in this dataset. Most selenoproteins 
and pyrrolysine-containing proteins were present in a 
single deltaproteobacterium, 81 symbiont (Zhang Y, 
Gladyshev VN 2007 Nucleic Acids Res 35:4952). 

► code genetic, ►antideterminant, ►protein synthe¬ 
sis, ► SelB, ►SECIS, ►unnatural amino acids, 
►pyrrolysine; Gladyshev VN, Kryukov GV 2001 
Biofactors 14:87. 

Selenoproteins: They appear to have roles in antioxidant 
defenses (protection against UV, peroxides), against 
tumor formation, viral resistance, thyroid and repro¬ 
ductive functions. The selenoprotein phospholipid, 
hydroperoxide glutathione peroxidase (PHHGPx) is an 
active, soluble enzyme during sperm maturation but in 
mature spermatozoa, it is enzymatically inactive and 
insoluble. There its role is structural, securing the 
stability of midpiece where mitochondria are abundant. 
The human genome may encode 25 selenoproteins. 
Deficiency of selenoproteins may accelerate the 
development of cancer (Diwadkar-Navsariwala V 
et al 2006 Proc Natl Acad Sci USA 103:8179). 

► selenocysteine, ►UV, ►sperm, ►glutathione perox¬ 
idase; Copeland PR, Driscoll DM 2001 Biofactors 
14:11; Kryukov GVet al 2003 Science 300:1439. 

SELEX (systematic evolution of ligands by exponential 
enrichment): A method of aptamer selection from 
random oligonucleotide sequences (10 15 to 10 18 ) 
resulting in the isolation of aptamers and ligands. The 
oligonucleotide library is synthesized by commercial 
DNA synthesizers and used in 20-30 or 200 base 
long sequences (4 20 ~ 10 12 whereas 4 75 ~ 1.4 x 10 45 
combinations). The phage R17 coat protein provides 
an excellent RNA recognition site. It binds to a loop 
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(AUUA) and a four-base stem structure with a bulged 
A residue. The synthetic nucleotide sequence may 
use modified ribose residues such as 2' F (fluoride) or 
2'NH 2 in the triphosphate nucleotides. This makes the 
oligonucleotides stable for several hours whereas 
unmodified RNA may be degraded by nucleases 
immediately. By “partition” (gel electrophoresis, 
nitrocellulose filtration) the few good sequences must 
be separated from the large pool. The aptamers may be 
truncated to limit to the minimal effective binding 
sites and may be further modified by extra nucleotide 
analogs for increased stability. The technology may be 
applied to the search for new drugs, diagnostic 
compounds and ribozymes of diverse functions. 

► aptamer, ►nitrocellulose filter, ►gel electrophore¬ 
sis, ►ribozyme, ►DNA binding proteins; Wilson DS, 
Szostak JW 1999 Annu Rev Biochem 68:611; http:// 
wwwmgs.bionet.nsc.ru/mgs/systems/selex/. 

Self-Antigen: Antigens synthesized within the system 
that may stimulate autoimmune reaction by the T cells 
although normally there is no immune response to the 
self-antigens. ►T cells, ►autoantigen, ►MHC, 

► self-tolerance, ►immune tolerance 

Self-Assembly: A process of reconstituting a structure 
from components when there is enough information 
within the pieces to proceed without outside mani¬ 
pulation, e.g., the self-assembly of ribosomes from 
RNA and protein subunits. 

Self-Cleavage of RNA: Some ribozymes may cleave 
more than 99% of the mRNAs and thereby preventing 
gene expression. By genetic engineering, effective 
ribozymes can be introduced into vectors and thus 
prevent transcription of functional mRNA or its 
translation, ►ribozyme, ►RNAi; Yen L et al 2004 
Nature [Lond] 431:471. 

Self-Compatibility: Self-fertilization can take place and 
the offspring is normal. ► self-incompatibility, ►in¬ 
compatibility alleles 

Self-Cross: A misnomer for self-fertilization, ►cross 

Self-Deleting Vector: A lentiviral vector may integrate 
into the cell and deliver a gene (Cre), which is 
expressed in the target and subsequently deleted in a 
Creb-dependent manner. The undesirable effect of the 
vector is thus avoided, ►viral vectors, ►lentivirus, 

► Cre/LoxP; CREB Pfeifer A et al 2001 Proc Natl 
Acad Sci USA 98:11450. 

Self-Destructive Behavior: ►Lesch-Nyhan syndrome, 

► Smith-Maganis syndrome 

Self-Fertilization: Can take place between the gametes 
in hermaphroditic individuals; autogamy is the strict¬ 
est means of inbreeding. Self-fertilization occurs in 
~20% of plant species and ~33% are intermediates 


between selfing and outcrossing (Vogler DW, Kalisz 
S 2001 Evolution 55:202). The sperm of XO males 
preferentially fertilizes Caenorhabditis elegans her¬ 
maphrodites. ► autogamy, ►inbreeding, ► Caenor¬ 
habditis’, Herlihy CR, Eckert CG 2002 Nature [Lond] 
416:320. 

Self-Immunity: Mediated by protein factors that bind to, 
for e.g., Moloney virus and thus prevent the integra¬ 
tion into the sequences by another viral element. 
► cis-immunity, ►phage immunity 

Self-lnactivating/Self-Activating Vector: ►E vector 

Self-Incompatibility: The failure of fusion of male and 
female gametes produced by the same individual 
or lethality of the embryo formed by such fusion. 
Self-incompatibility may be controlled either by the 
sporophyte or by the gametophyte. The incompatibility 
for effective pollination is determined by secreted 
glycoproteins (SLG, on the surface of the stigma) 
and membrane-bound receptor protein kinases 
(SRK, attached to the stigma cells). The stigma cells 
preferentially synthesize these proteins and only low 
level of expression is found in the anthers of cmciferous 
plants. In several solanaceous plants (tomato, Nicotia- 
na alata and Petunia inflata ), an S (selfcompatibility) 
RNase may attack in the style the RNA in self-pollen. 
The S-RNase is normally compartmentalized in 
vacuoles of the pollen tube. Primarily protein HT-B 
keeps S-RNase sequestered. When HT-B is degraded 
RNase is released and incompatibility is established 
(McLure B 2004 Plant Cell 16:2840; Goldraij A et al 
2006 Nature [Lond] 439:805). 

In poppy plants, a receptor on the pollen recognizes 
a stylar protein. The binding between this ligand 
and receptor leads to release of calcium ions that in 
turn inhibit pollen-tube growth. Two soluble inor¬ 
ganic pyrophosphatases regulate the incompatibility 
reaction (de Graaf BHJ et al 2006 Nature [Lond] 
444:490). In Brassica plants self-incompatibility is 
overcome if the aquaporin gene was disrupted. 
This indicates that functional water channels are 
one of the requirements for the manifestation of 
self-incompatibility in Brassica. Recent information 
indicates that in the stigma cell membranes of 
crucifers the single S locus encodes an S locus 
glycoprotein (SLG) and a single-pass transmembrane 
serine/threonine S receptor kinase (SRK). The latest 
evidence indicates that SRK and not SLG is 
responsible for the haplotype specificity and SLG 
reinforces the selfincompatibility. Transfer of the 
SRK and SCR genes from Arabidopsis lyrata to 
A. thaliana confers self-incompatibility to the latter 
species, which is normally autogamous (Nasrallah 
ME et al 2002 Science 297:247). The secretion 
of a cysteine-rich protein (SCR, encoded also at the 
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S locus) by the self-pollen catalyzes the autopho¬ 
sphorylation of the SLG—SRK complex. The SRK 
protein then interacts with ARC1 (autorejection 
component) stigma protein and as a consequence, 
through a series of events the self-pollen is incapa¬ 
citated on the stigma by ubiquitination (Stone SL et al 

2003 Plant Cell 15:885). It has been shown that an 
S-RNase with another component is responsible for 
the pollen tube breakdown in the incompatible 
combinations. The factor PiSNF encoding 389 amino 
acids ~ 161 kb downstream of the S 2 allele may 
protect the pollen from the decay (Sijacic P et al 

2004 Nature [Lond] 429:302). In poppy, a caspase-3 
type protein prevents self-fertilization in self¬ 
incompatibility (Thomas SG, Franklin-Tong VE 
2004 Nature [Lond] 429:305). Accordingly, self¬ 
incompatibility in the different species may have 
different controls. 

Self-incompatibility is usually determined by a 
large array of alleles in the populations (~100 
haplotypes in Brassicas) and there are substantial 
differences among the species regarding the number 
of such alleles maintained depending on the effective 
population size. Heteromorphic self-incompatibility 
is based on mechanical barriers to self-fertilization. 
The stigma is located to a higher position in the 
flowers than the anthers, and the pollen usually does 
not reach the stigmatic surface. In such cases, arti¬ 
ficial pollination is successful. Sporophytic incom¬ 
patibility means that the incompatibility factors 
operate not at the gametophyte (pollen - egg) level 
but the pistil or pollensac tissues and control the 
growth of the pollen tube. In Brassica rapa 
sporophytic selfmcompatibility is controlled methy- 
tlation of the promoter of the recessive allele in the 
tapetal tissues (Shiba H et al 2006 Nature Genet 
38:297). Selfmcompatibility may break down by 
epigenetic mechanisms; in Arabidopsis species 
hybrids the S-locus receptor kinase transcript may 
be aberrantly processed and in Capsella hybrids the 
S-locus cysteine-rich protein may be suppressed 
(Nasrallah JB et al 2007 Genetics 175:1965). 

► incompatibility alleles, ►/> alleles, ►HLA, ►uni¬ 
lateral incongruity, ►population effective size, ►ga- 
metogenesis, ►Ribonuclease-S, ►RNA I, ►ligand, 

► gametophyte, ►pistil, ►pollen, ►tapetum, ►aqua- 
porin; Nasrallah JB 2005 Trends Immunol 26:412; 
McClure B 2006 Curr Opin Plant Biol 9:639; 
Dickinson HG 2000 Trends Genet 16:373; Kachroo 
A et al 2001 Science 293:1824; Takayama S et al 
2001 Nature [Lond] 413:534; Tong N 2002 Trends 
Genet 18:113; Kachroo A et al 2002 Plant Cell 14: 
S227; Stone JL 2002 Q Rev Biol 77:17; Takayama S, 
Isogai A 2005 Annu Rev Plant Biol 56:467; self/ 
nonself discrimination in pre- and post-zygotic 
systems: Boehm T 2006 Cell 125:845. 


Self-Regulation: The process of regeneration of embry¬ 
os from bisected (cut into halves) blastulas. This can 
take place in lower and higher animals including 
human, when identical twins are formed by sponta¬ 
neous events. The dorsal-ventral morphogenetic 
gradients in the two halves are mediated by the bone 
morphogenetic proteins (BMP) and extracellular 
proteins such as Chordin, Sizzled and Bambi 
and others, which are situated at opposite poles 
and are under opposite transcriptional regulation 
(Reversade B, De Robertis EM 2005 Cell 123:1147). 
► Spemann’s organizer, ►organizer 

Self-Renewal: An ability of cells to also produce stem 
cells that are not just able to divide mitotically and 
generate progenitor cells, ►stem cells, ►progenitor; 
Smith AG 2001 Annu Rev Cell Dev Biol 17:435. 

Self-Reproduction: The general property of living 
systems. It means that the system can produce detached 
self-reproducing copies of itself. Self-reproducing 
machines—if they can function—may have special 
human interest for working in environments hazardous 
to humans such as outer space, mutagenic conditions, 
etc. Important requirement would be not just self- 
assembly, which would make only a copy of itself from 
parts but would continue—if parts provided—making 
additional copies continuously. The self-reproducing 
feature has now been achieved in principle by the use of 
a four-module system. It is still very far from generating 
a system comparable to a biological unit, which can 
generate 10 20 amino acid combinations not to consider 
the many other biological elements of a living organism 
(Zykov Vet al 2005 Nature [Lond] 435:163). 

Selfing: Self-fertilization; it is symbolized by 0. 

Selfish DNA: An assumption for certain DNA sequences 
(introns, repetitive non-coding sequences, transposa- 
ble elements) that they have no selective (adaptive, 
evolutionary) value for the carrier, therefore, the 
presence of such sequences is of no advantage to the 
cells concerned, and are propagated only for selfish 
(parasitic) purposes. Some of the originally “selfish 
DNAs” (1979-80) turned out to have some functions, 
e.g., as maturases, and others represent transposable 
elements and continuously reshape the genome and 
are thus significant for mutation and evolution. Alu 
sequences appear to be more common within the gene- 
rich GC regions hinting some regulatory functions. The 
minisatellite DNAs and the trinucleotide repeats are 
implicated in an increasing number of hereditary 
diseases. The majority of the Y-chromosomal 
sequences of Drosophila do not seem to have any 
identifiable function yet male fertility may be impaired 
if they are deleted, ►junk DNA, ►introns, ►ignorant 
DNA, ►copia, ►trinucleotide repeats, ►REP, 
►plasmid addiction, ►transposable elements, ►Alu; 
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van der Gaag M et al 2000 Genetics 156:775; 
Hurst GDD, Werren JH 2001 Nature Rev Genet 
2:597; Hammerstein P, Hagen EH 2006 Genes in 
Conflict. The Biology of Selfish Genetic Elements. 
Harvard University Press, Cambridge, Massachusetts. 

Selfish Genes: These have selective advantage over 
comparable ones and ensure their own propagation. 
The selfishness contrasts altruism when genes of the 
non-reproductive casts of social insects promote the 
welfare of the colony at the expense of their own 
work although they themselves are sterile, ►altruism 

Selfish Replicon: The small circular plasmids in eukar¬ 
yotic nuclei (maize) without any apparent function 
beyond perpetuating themselves. 

Self-Organizing Map: ►cluster analysis 

Self Protein: ►self antigen, ►molecular mimics, 
►bystander activation, ►immune system 

Self-Primed Synthesis: The synthesis from single-strand 
DNA obtained through reverse transcription, one 
primer may be used at the 5' end to produce the 
second strand by extension at the 3'-end in a hairpin 
like structure. The synthesis by self-priming is slow 
(see Fig. S30). 



Figure S30. Self-priming 

Self-Replicating DNA: A replication mechanism for 
short double-stranded molecules that do not require 
assistance by proteins. Similar mechanisms may have 
operated during prebiotic evolution, and it can be 
reproduced in the laboratory, ►replication, ►self- 
assembly 

Self-Replicating Peptide: An autocatalytic molecule 
capable of assembling amino acids into oligopep¬ 
tides. The yeast transcription factor GCN4 leucine- 
zipper domain can promote its own synthesis of 
15-17 amino acid residues. ►GCW, ►leucine zipper 

Self restriction: Self restriction lymphocyte recognizes 
foreign antigen bound to self MHC molecule. 
► lymphocyte, ►MHC 

Self-Splicing Introns: Group I and group II introns can 
fold into catalytic structures capable of removing 
their own sequences from the RNA transcripts of 
genes, ►intron 

Self-Tolerance: The unresponsiveness of the immune 
system to self-antigens. Apoptosis is a means for the 
maintenance of self-tolerance; lymphocytes and 
dendritic cells play an important role (Chen M et al 


2006 Science 311:1160). Central self-tolerance may 
be caused by death of the lymphocytes when 
encountering autoantigens. Peripheral self-tolerance 
takes place among the mature lymphocytes in the 
peripheral lymphatic organs. Clonal ignorance fails 
to recognize the autoantigens because of their 
sequestration or the failure to stimulate the indispens¬ 
able secondary signals, such as cytokines, etc. 

► immune tolerance, ►self-antigen, ►autoimmune 
diseases, ►immune system, ►at least one hypothesis; 
Rubin RL, Kretz-Rommel A 2001 Crit Rev Immunol 
21:29. 

Selvin: A rarely used unit of absorbed radiation dose. 

► Sievert 

SEM (scanning electronmicroscopy): ►electronmicro- 
scopy 

SEM-5: A homolog of Grb2 in Caenorhabditis 
nematodes. ► GrZ>2 

Semantics: The differentiating meaning of words and 
sentences. Also used by information-extraction 
programs for interpreting the correct meaning. 

Semaphorin: A family of membrane-associated, secreted 
protein factors, required for axonal pathfinding in 
neural development. Semaphorin 5A can be bifunc¬ 
tional, promontory and inhibitory, to axon guidance 
depending on heparan and chondroitin sulfate proteo¬ 
glycans (Kantor DB et al 2004 Neuron 44:961). 
Transduction by semaphorin III is mediated by the 
neuropilin-1 receptor. Semaphorins also regulate the 
development of the right ventricle and the right atrium 
of the heart as well as various cartilagineous and other 
tissues. Human semaphorins IV and V genes reside at 
the 3p21.3 chromosomal site; it is deleted in small cell 
lung carcinoma. Semaphorin 4A primes T cells and 
regulates Thl/Th2 (Kumanogoh A et al 2005 Immunity 
22:305). Semaphorin 7A controls both axon guidance 
and T cell reaction (Czopik AK et al 2006 Immunity 
24:591) and initiates T cell-mediated inflammator7 
through aipi integrin (Suzuki K et al 2007 Nature 
[Lond] 446:680). Semaphorin 4D links axon guidance 
and tumor-induced angiogenesis (Basile JR et al 2006 
Proc Natl Acad Sci USA 103:9017). ►axon, ►col- 
lapsin, ►neuropilin, ►netrin, ►neurogenesis, ►small 
cell lung carcinoma, ►plexin, ►fasciclin, ►axon 
guidance, ►integrin; Tessier-Lavigne M, Goodman 
CS 1996 Science 274:1123; Pasterkamp RJ, Verhaagen 
J 2001 Brain Res Rev 35:36; Serini G et al 2003 
Nature [Lond] 424:391; Pasaterkamp RJ et al 2003 Na¬ 
ture [Lond] 424:398. 

SEMD: ►PAPS 

Semelparity: The organism reproduces only once 
during its lifetime, e.g., Palingea longicauda 
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(Ephemeroptera) or some marsupials, which die after 
one mating season. 

Semen: The viscous fluid in the male ejaculate 
composed of the spermatozoa and secreted fluids of 
the prostate and other glands. The seminal fluid of 
Drosophila reduces the propensity of the females to 
mate with another male. Its higher quantity lowers the 
viability of the females. Thus, the semen per se may 
have a role in fitness, ►testis, ►prostate 

Semenogelin: A protein in the seminal fluid that 
promotes the viscosity of the ejaculate. It tends to 
prevent successful, additional insemination in pro¬ 
miscuous females (Dorns S et al 2004 Nature Genet 
36:1326). 

Semiconductor: The materials of germanium, silicon 
and others are characterized by increased electric 
conductivity as temperature increases to room 
temperature. These materials are called semiconduc¬ 
tors because their conductivity is much lower than 
that of metals. In metals, the increase in temperature 
lowers conductivity. In the semiconductor material, 
the electronic motion is turned on through the crystal 
lattice structure. (The crystal lattice is a complex of 
atoms and molecules held together by electrons 
and atomic nuclei into an extremely large molecule- 
like structure.) The energy states are in so-called 
bands. When all the sites in an energy band are 
completely occupied by electrons, there is no flow¬ 
ing electric current because none of the electrons 
can accept increased energy even if exposed to an 
electric field of ordinary magnitude. This is thus a 
non-conductor state. When the energy gap between 
two bands is small, the electrons can be thermally 
excited into a conduction band and the electrons 
under the influence of an external electric source 
can initiate an electric current. This state of the crystal 
is an intrinsic semiconductor. The carriers of the 
current are called positive holes. Transistors (elec¬ 
tronic amplifying devices utilizing single-crystal 
semiconductivity) operate by the principles of 
conduction electrodes and mobile positive holes. 
Industrially used semiconductors are extrinsic semi¬ 
conductors, which mean that when small amounts of 
other material is introduced into them, it results in 
enhanced conductive properties. These devices are 
essential components of electronic laboratory equip¬ 
ments and communication systems, computers and 
television sets. 

Semi-Conservative Replication: The regular mode of 
DNA replication where one old strand serves as 
template for the synthesis of a complementary new 
strand and this then with an old strand becomes 
the daughter double helix. ►DNA replication, 


►replication, see Table P3 at ►pulse-chase entry 
and Fig. W4 in ►Watson and Crick model 

Semi-Dominant: The dominance is incomplete, and 
therefore such genes may be useful because the 
heterozygotes can be phenotypically recognized. 

► incomplete dominance, ►codominance 

Semigamy: Occurs when the egg and sperm do not 
fuse, rather they contribute separately to the forma¬ 
tion of the embryo that may become thus a paternal- 
maternal chimera, ►apomixis, ►androgenesis, 

► parthenogenesis 

Semi-Lethal: Genes that reduce the viability of the 
individual, and may cause premature death, ►lethal 
equivalent, ►lethal factors, ►LD50, ►LD lo 

Seminal Fluid: ►semen, ►sperm 

Seminal Root: The root of the embryo in plant seeds, 
►root 

Seminoma: Same as spermatocytoma. 

Semio: In association with additional terms indicates 
signals or symptoms, e.g., semiochemicals such as 
pheromones or semiology, i.e., symptomatology. 

Semi-Ortholog: The duplicated copy of a single copy 
ortholog. ►orthologous loci 

Semiotics: The study of signs and symbols. It is used in 
bioinformatics and communication. Organisms inter¬ 
pret their environment by the signs encountered. 
Medicine makes diagnoses on the bases of signs. 

Semisynthesis of Proteins: Non-natural amino acids, 
e.g., norvaline and homoserine can be inserted at 
specific protein sites to explore the conformational 
and functional consequence of the alteration. Simi¬ 
larly, photoactivatable cross-linkers, fluorophores, 
alteration of the active site of enzymes by specific 
amino acid replacement, cassette mutagenesis, intro¬ 
duction of stable isotopes have been accomplished. 
Selective chemical ligation of unprotected peptides 
may be useful to preserve solubility. Proteins can be 
changed posttranslationally by removing inteins 
and religation the flanks through different chemical 
reactions. Protein transsplicing can use inteins that 
were split into N- and C-terminal sections, which are 
separately inactive but activity is gained by ligation. 
By chemical synthesis, the D and L enantiomorphs of 
the HIV-1 proteases have been prepared displaying 
reciprocal chiral specificity as a proteases and similar 
specificity for enzyme inhibitors (Milton RC et al 
1992 Science 256:1445). Ligation via an intein 
permits the production of new types of proteins from 
different elements and insertion of amino acid analogs 
may result in a cytotoxic molecule (Evans TC et al 
1998 Protein Sci 7:2256). Sequential steps can link 
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more than two elements. These engineered proteins 
have great theoretical and applied utility, ►homo¬ 
serine, ►norvaline, ►active site, ►fluorophore, ►in¬ 
tern, ►cassette mutagenesis, ►expressed protein 
ligation, ►HIV-1, ►enantiomorph, ►chirality; 
Wallace CJ, Clark-Lewis I 1997 Biochemistry 
34:14733; Muir TW 2003 Annu Rev Biochem 72:249. 

Semisterility: Indicates that in an individual some 
gametes or gametic combinations are not viable when 
others are normal. Semisterility is common after 
deletion and duplication in the offspring of inversion 
and translocation heterozygotes but it may be caused 
by self-incompatibility, incompatible non-allelic 
combinations, cytoplasmic factors, fungal or viral 
infections, adverse environmental conditions, etc. 

► chromosomal aberrations, ►mtDNA 

Semisynthetic Compounds: Natural products but chem¬ 
ically modified. 

Semliki Forest Virus: A member of the alphavirus 
group, ►alphavirus 

Sendai Virus: A parainfluenza virus. In an ultraviolet 
light-inactivated form, it has been used to promote 
fusion of cultured mammalian cells or uptake of 
liposomes by its modifying effect on the lipids of the 
plasma membrane, ►cell genetics, ►cell fusion, 

► cell membranes, ►polyethylene glycol, ►fusigenic 
liposome, ►alpha viruses 

senDNA: Mitochondrial DNA (ca. 2.5 kb), excised from 
the first intron of the coxl gene (cytochrome oxidase) 
and amplified in Podospora anserina. This and 
similar structures appear to be responsible for aging 
in vegetative cultures, ►aging, ►killer plasmids 

Senescence: The process of aging of organisms. At the 
cellular level, it has a somewhat different meaning. 
Cell senescence indicates how many cell divisions are 
expected on an average from isolated mammalian 
cells. Generally, cell senescence is correlated with the 
age of the individual and organism from where it was 
explanted. Human fibroblast cells under normal 
conditions cease to proliferate after about ±50 
divisions although individual lineages may vary. 
Normal human mammary epithelial cells are different 
as they fail to senesce as fibroblasts do but eventually 
they develop telomerase problems and chromosomal 
anomalies. It has been suggested that the activity of 
the telomerase enzyme slows down and causes this 
phenomenon. The irreversible arrest of proliferation 
is replicative senescence. The tumor-suppressor 
protein p53, the retinoblastoma protein (Rbl), 
cyclin-dependent kinase (Cdk) inhibitors such as 
p21 clpl/WAF1 and plb 1 ^ are also involved. The 
disruption of p2l CIP1/WAF1 leads to an escape of 
senescence by human fibroblasts. Some rodent cell 


lines (glia oligodendrocyte precursor cells) may not 
senesce. In addition, cancer cells and human fibroblast 
cells fused to cancer cells may divide indefinitely. 
Hyper-replication of the DNA induced by oncogenes 
may also invoke senescence (Micco RD et al 2006 
Nature [Lond] 444:638). Senescence involves the 
upregulation of genes that are clustered in the 
chromosomes (Zhang H et al 2003 Proc Natl Acad 
Sci USA 100:3251). Plant cells when provided with an 
appropriate regime of phytohormones may be main¬ 
tained continuously and can even be regenerated into 
differentiated organisms. Senescence of plant cells is 
regulated by cytokinins, and the increase in cytokinin 
level inhibits the process of senescence, ►aging, 

► agonescence, ►monoclonal antibody, ►apoptosis, 
►tissue culture, ►embryogenesis somatic, ►cell 
cycle, ►hybridoma, ►senDNA, ►killer plasmids, 
►Hayflick’s limit, ►telomerase, ►telomeres, ►p53, 
►p21, ►pl6 INK4a , ►Ets oncogene, ►Id proteins, 

► Cdk, ►retinoblastoma, ►mole, ►plant hormones; 
Romanov SR et al 2001 Nature [Lond] 409:633; 
Karlseder J et al 2002 Science 295:2446; He Y, Gan S 
2002 Plant Cell 14:805. 

Senescence, Replicative: After a certain number of 
replications due to dysfunction of the telomeres, 
proliferation ceases. When this process goes out of 
control, it may involve tumorigenesis. 

Senior-Loken Syndrome (NPHP1,2ql3; NPHP3, 3q22; 
NPHP4, lp36; IQCB1, 3ql3.31-q21.2): A heteroge¬ 
neous syndrome involved in chronic kidney disease 
of children. NPHP1 encodes nephrocystin protein. 
NPHP3, responsible for nephronophtisis recessive 
kidney disease, encodes a 1330 amino acid protein 
interacting with nephrocystin. NPHP4 encodes the 
1426 amino acid nephroretinin protein, which inter¬ 
acts with nephrocystin. IQCB1/NPHP5 also encodes 
nephrocystin and the patients display simultaneously 
retinitis pigmentosa. (See Otto EA et al 2005 Nature 
Genet 37:282. 

Sense-Antisense Genes: Overlapping genes, ►over¬ 
lapping genes 

Sense Codon: Specifies an amino acid, ►genetic code 

Sense Strand: The DNA strand that carries the same 
nucleotide sequences as the mRNA, tRNA and rRNA 
(of course in the RNAs U stand in place of T). It does 
not carry an absolute meaning because of some cases 
both strands are transcribed although in context of a 
particular RNA it is correct, ►template strand, 

► coding strand 

Sense Suppression: ►co-suppression, ►quelling, 
►RNAi 
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Sensillum: A cuticular sensory element; sensilla 
campaniformia are small circular structures along 
longitudinal veins of Drosophila wings (see 
Fig. S31). ►Drosophila 



Figure S31. Sensillum 


Sensitivity: The percentage of correct identification of 
(carcinogens) on the basis of the (mutagenicity or 
other rapid) assay system. In DNA sequencing: the 
correctly predicted bases divided by total length of 
the cDNA. ►accuracy, ►specificity of mutagen 
assays, ►predictability, ►bioassays for environmen¬ 
tal mutagens 

Sensor Gene: Responsible for perceiving a signal. 
► signal transduction 

Sensoryneural: Affecting the nerve mechanism of 
sensing. 

Sensory Neuropathy 1 (HSN1): A dominant (human 
chromosome 9q22.1-q22.3) de-generative disorder 
of the sensory neurons, ulcerations and bone defects. 
A serine palmitoyletransferase subunit maps within 
the HSN1 gene and it is expressed in the dorsal root 
ganglia, ►neuropathy, ►pain-insensitivity, ►hypo- 
myelination, ►ganglion; Beiaoui K et al 2001 Nature 
Genet 27:261. 

Sensory Transduction: Mediates touch, heat and pain 
responses in the skin. Sensory neurons of Ap, A8 or 
differently myelinated C fibers respond to the stimuli. 
Thermosensation is mediated through Transient 
Receptor Potential (TRP) families among them is 
the TRPV1 vanilloid transducer protein of capsaicin 
(present also in pungent peppers). Neuronal fibers 
evoke heat and pain sensation (nociception). TRPV2 
is activated at temperatures above 52 °C. Other 
TRP Vs respond to chemical stimuli. Cooling sensa¬ 
tion (below 32 °C) is transduced by other TRPVs, 
TRPA (ankyrin family) and TRPNs. Mechanotrans- 
duction (touch responses) are sensed by Ap or A8 
nociceptors, depending on intensity of the stimulus 
and other factors. Different channels exit for osmo- 
larity, stretch, different chemicals, auditory (stereo¬ 
cilia) and other functions. Keratinocytes, Merkel 
(tactile) cells respond also to shape and texture. Some 
of the mechanisms have polymodality and are 
integrated into circuits. Many of these functions 
can be now be studied by mutations (Lumpkin EA, 
Caterina MJ 2007 Nature [Lond] 445:858). 


►nociceptor, ►capsaicin, ►ion channel, ►osmolari- 
ty, ►deafness 

Sentinel Phenotypes: These are used in human genetics 
to detect newly occurring mutations. These traits are 
supposed to be relatively easily detectable by direct 
appearance or clinical laboratory data can be obtained 
through routine examinations. Their frequencies are 
statistically evaluated for epidemiological informa¬ 
tion regarding possible increase in mutagenicity/ 
carcinogenicity in an environment, ►mutation in 
human populations, ►epidemiology; Czeizel A 1989 
Mutat Res 212:3. 

Sentrin: A ubiquitin-carrier protein (known also under 
other names), ►ubiquitin, ►UBL, ►SUMO, ►PIC; 
Kahyo T et al 2001 Mol Cell 8:713. 

Sep 1: A pleiotropic eukaryotic (yeast) strand exchange 
protein, ►recombination in eukaryotes, ►STPp 

Sepal: The whorl of (usually green) leaves below 
the petals in a flower (see Fig. S32). ►flower 
differentiation 



Figure S32. Sepal 


Separins (Seel, separase): Ubiquitous Esp 1/Cut 1-like 
proteins (~ 180-200 kDa), which are removed from 
their inhibitory association with securin by APC in 
order to separate the sister chromatids at anaphase. 
Separins may have endopeptidase-(cysteine proteases) 
like function. The Rec8 subunit of cohesin is cleaved by 
separin and consequently the meiotic chiasmata are 
resolved. The disjunction of the homologous chromo¬ 
somes takes place during meiosis I. Separase also 
cleaves the kinetochore-associated protein Slkl 9 at the 
onset of anaphase. Slk stabilizes the anaphase spindle 
and assures an orderly exit from anaphase. The inner 
centromere-like protein-Aurora complex is regulated 
by the CDC14 phosphatase (Pereira G, Schiebel E 
2003 Science 302:2120). ►sister chromatid cohesion, 

► co-orientation, ►Rec8, ►Seel, ►mitosis, ►chiasma, 

► cohesin, ►securin, ►shugoshin, ►APC, ►anaphase, 
►Aurora, ►CDC14, ►kinetochore, ►spindle, 
►FEAR; Hauf S et al 2001 Science 293:1320; 
Sullivan M et al 2001 Nature Cell Biol 3:771. 
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Sephadex: An ion exchanger or gel-filtration medium 
on cross-linked dextran matrix, ►dextran, ►gel 
filtration 

Sephardic: Jews who moved to Spain after the Roman 
occupation of Israel and then in the Middle Ages to 
Western European countries. ►Ashkenazim, ►Jews 
and genetic diseases 

Sepharose: The anion exchanger of agarose matrix such 
as DEAE (diethylaminoethyl) sepharose. 

Sepsis: Bacteria or bacterial toxins in the blood stream, 
resulting in potentially fatal condition. Sepsis induces 
apoptosis of the lymphocytes by the action of 
caspases. Caspase inhibitors or introduction or 
stimulation of Bcl-2 may improve survival. Caspase 
12 exists in both short and long forms by genetic 
determination. The long form may be less effective in 
controlling the innate reaction of inflammation and 
thus in sepsis. Inflammation is the first step in the 
immune reaction and it is controlled by cytokines. 
Bacterial clearance and sepsis resistance is found in 
mice deficient in caspase-12 (Saleh M et al 2006 
Nature [Lond] 440:1064). ►apoptosis, ►Bel, ►lym¬ 
phocyte, ►caspase, ►sepsis, ►caspase; Hotchkiss 
RS et al 2000 Nature Immunol 1:496; Saleh M et al 
2004 Nature [Lond] 429:75. 

Septal: The adjective for septum (dividing structure, a 
wall). 

Septate: Separated by cross walls (septa) (see Fig. S33). 

cccn 

Figure S33. Septate fungal mycelium 


Septation: ►tubulins 

Septic Shock: A bacterial lipopolysaccharide endotoxin- 
induced hypotension leading to inadequate blood 
supply to several organs; it is potentially fatal. 
Neutralizing MIF may alleviate it. The inflammatory 
responses are amplified by the triggering receptors 
(TREM) on neutrophils and monocytes. ►MIF; Patel 
BM et al 2002 Anesthesiology 96:576. 

Septins: Rather ubiquitous polarizing GTPase (38-52 
kDa GTP-binding) proteins, found in organisms from 
fungi to humans. In yeast, septins form hourglass¬ 
shaped pure proteins in between mother and daughter 
cells and mechanically mediate cytokinesis and 
growth (see Fig. S34) (Vrabioiu AM, Mitchison TJ 
2006 Nature [Lond] 443:466). A human septin gene 
is at 17q25.3. Septin deficient spermatozoa are 
defective in movement because the kinesin-mediated 


intraflagellar transport of sperm stalls in this case, 
although fertility is rescued if the spermatozoa are 
injected into the oocytes (Ihara M et al 2005 Dev Cell 
8:343). ►congression, ►cytokinesis; McIlhattonMA 
et al 2001 Oncogene 20:5930. 



Figure S34. Hourglass-shaped septin 


Septooptic Dysplasia (SOD, De Morsier syndrome, 
3p21.2-p21.1): A relatively rare disorder involving 
optic nerve and pituitary gland hypoplasia and absence 
of the septum pellucidum (the double membrane 
separating the anterior horn and the lateral ventricles 
of the brain in the median plane bounded by the 
corpus callosum). A phenotype is quite variable. The 
molecular basis is deficiency in pituitary hormone 
production due to mutation in the HESX1 gene, 
►pituitary; Carvaljho LR et al 2003 J Clin Invest 
112:1192. 

Sequatron: An automated high performance DNA 
sequencing apparatus (Hawkins TL et al 1997 
Science 276:1887). ►sequenator, ►DNA chips, 
► SAGE, ►DNA sequencing 

Sequenase: A genetically engineered DNA polymer¬ 
ase. It combines the 85 kDa protein of phage T7 gene 
5 and the 12 kDa E. coli thioredoxin protein (the latter 
keeps it associated with the template). The 3' —> 5' 
exonuclease activity is suppressed. It synthesizes 
about 300 nucleotides per second, and it is used for 
DNA sequencing and oligolabeling. ►DNA sequenc¬ 
ing, ► oligo-labeling probes 

Sequenator: An automated equipment that breaks up a 
protein sequentially, starting at the NH 2 terminus, 
into amino acids, identifies them by chromatography, 
and thus determines their sequence, ►amino acid 
sequencing 

Sequence Alignment: ►CLUSTAL, ►Sequin; multiple 
sequence alignments algorithm: http://msa.cgb.ki.se/ 
cgi-bin/msa.cg; multiple alignment tools: http:// 
www.igs.cnrs-mrs.fr/Tcoffee/; multiple alignment 
including codons, mismatches, pseudogenes: http:// 
coot.embl.de/pal2nal/; multiple alignment tool with 
shuffled and repeated sequences: http://aba.nbcr.net/. 

Sequence Analysis Toolkit, for genes: http://www. 
migenas. org/home/index.j sp . 

Sequence Logo: A sequence logo graphically represents 
DNA and amino acid sequence patterns from a set 
of aligned sequences (see Fig. S3 5). A column of 
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stacked symbols represents each position of the 
alignment with its total height, reflecting the informa¬ 
tion content in this position by the Delila Software 
package. It displays aligned base sequences in bits, at 
each position by the height of the symbols http:// 
biodev.hgen.pitt.edu/enologos/. (Diagram redrawn 
after Shaner M et al from web site: http://www-lecb. 
ncifcrf.gov/~toms/logoprograms.html). 



-3-2-1 0 1 2 3 


Figure S35. Sequence logo of 40 yeast TATA sites 


Sequence Saturation Mutagenesis (SeSaM): To carry 
out SeSaM: 1. Generate DNA fragments of random 
length, 2. With the aid of terminal transferase add to 
the tails universal bases, 3. Elongate the fragments in 
a PCR to full length genes using a single-strand 
template and replace the universal base by standard 
one. Random mutations occur because the universal 
bases are promiscuous in pairing, ►terminal deox- 
ynucleotidyl transferase, ►universal bases, ►poly¬ 
merase chain reaction, ►mutagenesis; Wong TS et al 
2004 Nucleic Acids Res 32(3):e26. 

Sequence Skimming: In sequence skimming, a long 
DNA fragment is probed with some known genes in 
order to test whether the probes have homology and 
thus, a site within this long fragment chosen at 
random, ►probe; Elgar G et al 1999 Genome Res 
9:960. 

Sequence Space: The number of possible sequences of 
a particular length. 

Sequence-Based Taxonomy: http://www.ncbi.nlm.nih. 
go v/Taxonomy/taxonomyhome .html . 


Sequence-Tagged Connector (STC): ►genome project; 
Mahairas GG et al 1999 Proc Natl Acad Sci USA 
96:9739. 

Sequence-Tagged Site: ►sequenced tagged sites 

Sequenced Tagged Sites: Single-copy DNA regions 
(100-500 bp), for which polymerase chain reaction 
(PCR) primer pairs are available and can be used 
for DNA mapping. ►PCR, ►primer, ►expressed- 
sequence tag; Venichanon A et al 2000 Genome 
43:47. 

Sequencing: ►DNA sequencing, ►survey sequencing, 
►protein sequencing, ►RNA sequencing, ►genome 
projects, ►deep sequencing 

Sequest: A software package for the analysis of mass 
spectral data of proteins/peptides (http://fields. 
scripps.edu/sequest/). 

Sequester: To lay away or separate (into a compart¬ 
ment). 

Sequin: A software tool for submitting nucleic acid 
sequence information to GenBank, EMBL, or DDB J. 
It can be reached at http://www.ncbi.nlm.nih.gov/ 
Sequin/index.html. ►GenBank, ►EMBL, ►DBJ 

SER (smooth endoplasmic reticulum): An internal flat 
vesicle system in the cytoplasm, involved in lipid 
synthesis. ►RER 

Serca: Sarcoplasmic reticulum Ca 2+ ATPase. ►Brody 
disease, ►Darier-White disease 

SEREX (serological analysis of tumor antigens by 
recombinant expression cloning): SEREX screens 
cancer patients’ own sera for (autologous) tumor cells 
in order to determine antigens (cDNAs), which may 
be used for antibody-mediated immunotherapy. 
► cancer gene therapy, ►immunotherapy; Okada H 
et al 2001 Cancer Res 61:2625. 

Serial Analysis of Gene Expression: In the serial analysis 
of gene expression, short DNA sequence tags are 
prepared from many cDNA clones and after forming 
concatamers the entire cDNA is sequenced. 

Serine (Ser, S): An amino acid (P-oxy-a-amino- 
propionic acid, MW 105.09); it is soluble in water. 
RNA codons: UCU, UCC, UCA, UCG, AGU, AGC. 
Serine is derived from the glycolytic pathway (see 
Fig. S36). 


3-Phosphoglycerate -> 3-Phosphohydroxypyruvate -> 3-Phosphoserine -> Serine 


Phosphoglycerate 

dehydrogenase 


Phosphoserine Phosphoserine 

aminotransferase phosphatase 


Figure S36. Serine biosynthetic path 
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Serine dehydratase enzyme, with pyridoxalpho- 
sphate prosthetic group, degrades serine into pyruvate 
and NH 4 . ►amino acids, ►amino acid metabolism, 

► oxalosis, ►3-phosphoglycerate dehydrogenase 

Serine Kinase: ►MCF2 oncogene for serine phospho- 
protein 

Serine Protease: Serine protease degrades proteins in 
extracellular matrix and the family includes about 98 
members and regulates many physiological reactions, 
►matrix, ►kallikrein; Stoop AA, Craik CS 2003 
Nature Biotechnol 21:1063. 

Serine/Threonine Kinase: Serine kinase phosphorylates 
serine and tyrosine residues in proteins. Their 
receptors are transmembrane proteins and the kinases 
attach to the cytosolic carboxyl end of the receptors, 
►transforming growth factor (3, ►PIM oncogene, 
►PKS oncogene, ►activin, ►bone morphogenetic 
protein, ►membrane proteins, ►protein kinases, 
►receptor guanylyl cyclase, ►signal transduction, 

► SMAD 

Serine/Threonine Phosphoprotein Phosphatases: Ser¬ 
ine phosphoprotein phosphatases remove phosphate 
from serine and threonine residues of proteins. Protein 
phosphatase-I is inhibited by cAMP by promoting 
the phosphorylation of a phosphatase inhibitor 
protein through protein kinase A. Protein phospha¬ 
tase IIA is the enzyme most widely involved in 
dephosphorylation of the products of serine/threonine 
kinases. Proteinphosphatase-IIB (calcineurin) is most 
common in the brain where Ca 2+ activates it. Protein 
phosphatase-IIC plays only a minor role in the cells. 
The catalytic subunit of the first three is homologous 
but they also contain special regulatory subunits. 
Phospholipase C (PLC) may be coupled to G-proteins 
and upon its activation the level of Ca 2+ increases. This 
cation mediates numerous cellular reactions, ►serine/ 
threonine kinases, ►phosphorylases, ►signal trans¬ 
duction, ►regulation of gene activity 

Serine/Threonine Protein Kinase: ►serine/threonine 
kinase 

Seripauperines (PAU): A large group of proteins in 
eukaryotes, conspicuously low in serine and having 
amino-terminal signal sequence. Their function is 
still unknown. They are encoded at subtelomeric sites 
in all yeast chromosomes, ►signal sequence; Coissac 
Eetal 1996 Yeast 12:1555. 

Seroconversion: As per seroconversion, new antibody 
production against an antigen alters the serological 
state. 

Serodeme: A particular type of antigen produced by a 
clone, ►antigen 


Serology: Serology deals with antibody levels and with 
the reactions of antigens, ►serum; serological classi¬ 
fication: http://fred.bioinf.uni-sb.de/sepacs.html. 

Seronegative: A seronegative fails to display antibodies 
against the antigen in question. 

Seropositive: In a serpositive, reactive antibody to an 
antigen is present in the serum. 

Seroswitch Vector: In a seroswitch vector, the epitope of 
the viral coat protein can be changed to evade the 
adverse serological reaction against it, in cases when 
the same passenger DNA must be used repeatedly, 
e.g., in cases of adenoviral vectors, ►adenovirus, 
► epitope, ►serotype 

Serotonin (5-hydroxytryptamine): A tryptophan-derived 
neuro-transmitter modulates sensory, motor, and 
behavioral processes (including also feeding behavior) 
controlled by the nervous system (see Fig. S37). 
Hydroxytryptamine 2B receptor also regulates the cell 
cycle by interacting with the tyrosine kinase pathway 
through the phosphorylation of the retinoblastoma 
protein and the activation of cyclin Dl/Cdk4 and cyclin 
E/Cdk2. Cyclin Dl, in concert with other proteins, 
induces also the MAPK pathway. The 5-hydroxytryp¬ 
tamine receptor 5-HT 1B binds protein pll and in a 
mouse model seems to alleviate depression. Triptan 
dmgs used for treatment of migraine seem to act as a 
5-HT 1B agonist (Sharp T 2006 Science 311:45; 
Svenningsson P et al 2006 Science 311:77). Serotonin 
transporter (SERT) is a polytopic membrane transport¬ 
er with 12 transmembrane domains. The 5-HT 3A 
receptor is a large-conductance neuronal serotonin 
channel. Low activity of 5-HT serotonin transporter 
may cause a propensity to psychiatric disorders 
(Ansorge MS et al 2004 Science 306:879). ►neuro¬ 
transmitters, ► glucocorticoid, ►obesity, ►substance 
abuse, ►alcoholism, ►cocaine, ►cyclins, ►Cdk, 
►MAPK, ►retinoblastoma, ►migraine 

^ CH 9 CH 9 NH 9 

H 

Figure S37. Serotonin 


Serotype: A serotype is distinguished from other cells 
by its special antigenic properties, ►antigenic varia¬ 
tion, ►capsule 

Serovar: Same as serotype. 

Serpentine Receptors: Seven-membrane spanning re¬ 
ceptors. ► seven membrane proteins 
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Serpines (serine-protease inhibitors, 14q32.1): Serpines, 
when mutated, may be responsible for emphysema, 
thrombosis, and angioedema. Viral infection may 
counteract them. The accumulation of neuroserpin 
caused by mutation leads to a familial encephalopathy 
with neuroserpin inclusion bodies (FENIB), a demen¬ 
tia. There are about 500 serpins of350-500 amino acid 
residues. They occur in all organisms from mammals, 
to plants, to viruses. Serpin, SRPN6 seems to control 
innate resistance in Anopheles against Plasmodium 
(Abraham EG et al 2005 Proc Natl Acad Sci USA 
102:16327). ►maspin, ►Cl inhibitor, ►Hsp [Hsp47], 
►L-DNase II, ►emphysema, ►thrombosis, ►angioe¬ 
dema, ► encephalopathy, ►antitrypsin, ►malaria, 

► Plasmodium] Atchley WR et al 2001 Mol Biol Evol 
18:1502; Silverman GA et al 2001 J Biol Chem 
276:33293; Crowther DC 2002 Hum Mut 20:1; Lomas 
DA, Carrell RW 2002 Nature Rev Genet 3:759. 

Serprocidin: ►antimicrobial peptides 

Sertoli Cells: ►Wolffian ducts 

Serum: The clear part of the blood, from which the cells 
and the fibrinogen have been removed; the clear 
liquid that remains of the blood after clotting. The 
immune serum contains antibodies against specific 
infections. It differs from plasma, which is the non¬ 
particulate portion of cells, ►plasma, ►antibody 
production, ►serology 

Serum Dependence: As per serum dependence, animal 
cells may grow or differentiate only or preferentially 
in cultures containing serum. 

Serum Response Element (SRE): A DNA tract that 
assures transcriptional activation in response to 
growth factors in the serum. ►SRE, ►CArG box 

Server (web server): The server delivers information 
available on the internet with the aid of computer 
programs. 

Sesame (* Sesamum indicum ): An oil seed crop with 
about 37 related species; the cultivated form is 
2n = 2x = 26 but related species may have x = 8 and 
different levels of ploidy. 

Sesquidiploid: A sesquidiploid contains a diploid set 
of chromosomes derived from one parent and a 
higher-number set from the other, ►allopolyploid, 

► allopolyploid segmental 

Sessile: A sessile plant is attached directly to a base 
without a stalk. 

SET Motifs (Su[var3-9]-enhancer-of-zeste-trithorax): 
originally named after the three Drosophila regulato¬ 
ry proteins where they occur and modulate chromatin 
structure and thus gene expression. Set2 is a 
methyltransferases enzyme. So far the products of 


at least 20 genes display such a domain with an 
apparent role in epigenesis/development. The poly¬ 
comb gene of Drosophila , yeast telomeric silencing, 
heterochromatin-mediated gene silencing, variegation 
position effects (PEV), as well as, the Mil factors 
involve SET domains, ►chromodomain, ►integration, 
►transcription, ►Mil, ►w locus, ►Polycomb, ►Sbfl, 

► epigenesis, ►methyltransferase; Baumbusch LO 
et al 2001 Nucleic Acids Res 29:4319. 

Set Point, Viral: The level of circulating virus in the 
plasma during the nonsymptomatic phase preceding 
the progression to AIDS (Fellay J et al 2007 Science 
317:944). ► acquired immunodeficiency 

Set Recoding: ►fuzzy inheritance 

Seta: Bristles, stiff hairs of animals or plants. 

SETGAP (selectable expression of transient growth- 
arrest phenotype): A system suitable for the isolation 
of genes that interfere with the expression of certain 
other genes or genetic pathways, ►negative regula¬ 
tor; Pestov DG, Lau LF 1994 Proc Natl Acad Sci 
USA 91:12549. 

Sevenless (sev): X-chromosomal gene (1-33.38) of 
Drosophila controlling the R7 rhabdomeres and thus 
altering the photoreceptivity of the eye. The carboxy 
terminal of the protein product of the wild type allele 
shows homology to the tyrosine kinase receptor of 
c-ras , v-src, and EGF. ►photoreceptor, ►rhodopsin, 

► signal transduction, ►ommatidium, ►compound 
eye, ►daughter of sevenless, ►RAS, ►EGF, 
►BOSS, ►rhabdomere 

Seven-Membrane Proteins (7tm): Integral parts of the 
plasma membrane that span the membrane by seven 
helices; they are important in signal receptor binding 
and in association with G-proteins. More than 
800 genes encode these most versatile receptors of 
chemokines, hormones, neurotransmitters, odorants, 
and taste and light signals. Heteromeric G proteins, 
P-arrestin, and GRK family of proteins mediate the 
signal transmission to 7tm protein receptors, ►signal 
transduction, ►G-protein, ►transmembrane recep¬ 
tors, ► arrestin, ►GRK; Pierce KL et al 2002 Nature 
Rev Mol Cell Biol 3:639. 

Seven-Pass Transmembrane Proteins: Same as seven 
membrane protein. 

Severe Combined Immunodeficiency (SCID): A less 
frequently occurring (0.00001-0.00005) autosomal 
disease than the X-linked agammaglobulinemia, 
but it is generally lethal before age two. The thymus 
is abnormally small and therefore there is a severe 
deficiency of the T- and sometimes also the 
B-lymphocytes. The afflicted infant cannot overcome 
infections. SCID-X1 may be effectively treated by 
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gene therapy but cancerous growth may ensue when 
the retroviral vector is inserted in the vicinity of the 
promoter of the LM02 proto-oncogene (Hacein-Bey 
Abina S et al 2003 Science 302:415). In some cases, 
viral infection may severely damage the thymus, and 
this non-hereditary disease may closely mimic the 
symptoms of SCID. The DNA-dependent kinase 
(p350), encoded in human chromosome 8ql 1, is most 
likely responsible for SCID-1. A gene in chromosome 
lOp of humans interferes with the V(D)J recombina¬ 
tion system and thus prevents normal function of both 
B- and T-lymphocytes (Moshous D et al 2001 Cell 
105:177). Several other gene loci may also be 
involved in the development of the disease. SCID 
mouse devoid of T and usually also B-lymphocytes 
can accept human grafts and can be used to create a 
partial human immune system in the mouse. The most 
common form of it is X-chromosome-linked (Xql3). 
In about 40% of the cases, there is adenosine 
deaminase deficiency. T cell deficiency may be treated 
by the transplantation of hematopoietic cells. ADA 
may be corrected by gene therapy (Fischer A et al 
2001 Immunity 15:1). In some cases, transplantation 
of thymus tissues may lead to improvement, ►agam¬ 
maglobulinemia, ►hypogammaglobulinemia, ►im¬ 
munodeficiency, ► SCID, ►DNA-PK, ►adenosine 
deaminase deficiency, ►gene therapy 

Sewall Wright Effect: Same as drift genetic. 

Sex: In eukaryotes, sex makes possible the production of 
two kinds of gametes and it is the requisite of syngamy. 
By recombination and by promoting linkage equilibri¬ 
um, sex facilitates selection of adaptive variation and 
provides a means for elimination of deleterious genes. 
In prokaryotes and viruses, “sex” is recombination. The 
majority of species reproduce sexually and the 
relatively few asexual species seem to represent dead 
ends in evolution. The tiny Bdelloid freshwater rotifers 
are exceptional because they survived and evolved 
for 35^10 million years without sex. The genetic sex in 
the female is determined by the X chromosome(s) 
whereas the Y chromosome carries the male determin¬ 
ing genes. The gonadal sex is represented by the 
ovarian differentiation in the female and the testicular 
differentiation in the male. Somatic sex is gonadally 
controlled. Female differentiation takes place— 
irrespective of the chromosomal constitution—if the 
gonads are removed during early fetal development. 
The anti-Mullerian hormone synthesized by the Sertoli 
cells and the fetal androgens (testosterone, androstene- 
dione) synthesized by the Leydig cells normally 
suppress female differentiation. The fetal female 
gonads have no affect on the female somatic sex 
development. In the gonadless genital tract of both 
sexes, the Mullerian ducts are maintained but the 
Wolffian ducts degenerate. Estrogen synthesized by the 


female may adversely affect the male type differentia¬ 
tion. The anti-Mullerian hormone apparently blocks, 
however, an enzyme (aromatase) required for femini¬ 
zation and in this case the somatic sex shifts towards the 
direction of masculinization. ►gender, ►sex cell, 
► syngamy, ►copulation, ►sex determination, ►re¬ 
combination, ► linkage, ►meiosis, ►Wolffian ducts, 
►Mullerian ducts, ►gonads, ►sex hormones 

Sex Allocation: The variation in sex ratio in favor of 
males or females due to non-chromosomal sex¬ 
determining mechanisms such as exist in social 
insects, and are caused by colony size, mating 
behavior, and available resources, ►sex determina¬ 
tion, ► sex ratio 

Sex Bias in Disease Phenotype: As per the sex bias, one 
or the other sex is more likely to express the disease. 
►Rett syndrome, ►imprinting 

Sex Bias in Mutation: ►mutation rate 

Sex Bivalent: In the sex bivalent, the X and Y 
chromosomes have homology only in the short 
common segment where they can pair and recombine, 
►pseudoautosomal 

Sex Body (XY body): A structure associated with both 
the X and the Y chromosomes. For its formation, the 
H2AX (a histone 2A variant) is required apparently 
for chromatin remodeling. The sex body inactivates 
both the X and Y chromosome during the pachytene 
stage of sperm formation and is involved in gene 
silencing. The sex body presumably protects against 
illegitimate chromosome association and thus, aneu- 
ploidy (McKee BD, Handel MA 1993 Chromosoma 
102:71). ATR localizes, under BRCA1, to the XY 
chromatin and after phosphorylating histone H2AX, 
the sex body is formed (Turner JMA et al 2004 Curr 
Biol 14:2135). In H2AX deficiency the males but not 
the females are infertile. ►ATR, ►breast cancer, 
►Meisetz, ►histone variants, ►pachytene; 
Femandez-Capetillo O et al 2003 Dev Cell 4:497. 

Sex Cell: A gamete that can fuse with another sex 
cell of the opposite mating type (sperm, egg) to form a 
zygote, ►zygote, ►mating type, ►gamete, ►isogamy 

Sex Chromatin: ►Barr body 

Sex Chromosomal Anomalies in Humans: Sex chromo¬ 
somal anamolies are of various types and they may 
occur at a frequency of 0.002 to 0.003 of all births. 
Females : X0, XXX, XXXX, XXXXX, X0/XX, X0/ 

XXX, X0/XXX/XX, XX/XXX, X0/XYY, XXX/ 
XXXX, XXX/XXXX/XX and males: XX, XYY, 

XXY, XXYY, XXXY, XXXYY, XXY/XY, XYY/ 
XYYY, X0/XXY/XY, XXYYY/XY/XX, XXXY/ 
XXXXY. Other, even more complicated types have 
been reported. The most common mechanism by 
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which these anomalies occur is nondisjunction in 
meiosis and mitosis. The more complex type mosaics 
(indicated by /) are the result of repeated non- 
disjunctional events. The XO condition is called 
Turner syndrome , the XXX is triplo-X, while 
XXY and other male conditions with multiple X 
and Y(s) are generally referred to as Klinefelter 
syndrome along with the XX males, which have a 
Y-chromosome translocation to another chromo¬ 
some. Similar sex-chromosomal anomalies have been 
identified in various other mammals. The XO con¬ 
dition results in an abnormal female in humans and 
mice but in a normal male in grasshopper or 
Caenorhabditis , and in an abnormal male in Dro¬ 
sophila. ►trisomy, ►chromosomal sex determina¬ 
tion, ► Turner syndrome, ►Klinefelter syndrome, 
►triplo-X, ► XX males, ►gynandromorph, ►testicu¬ 
lar feminization 

Sex Chromosome: The sex chromosome is unique in 
number and/or function to the sexes (such as X, Y or 
W, Z); see ►chromosomal sex determination. In the 
heterogametic sex, the X and Y chromosomes pair 
and may recombine in a relatively short terminal 
region although in the heterogametic sex in insects 
recombination is practically absent, except when 
transposable elements function. ►PAR, ►sex deter¬ 
mination 

Sex Circle Model of Recombination: The basic tenets of 
the sex circle model of recombination in fungi, 
according to F.W. Stahl (1979 Genetic Recombina¬ 
tion. Freeman, San Francisco, California), are: 1. Any 
marker can recombine either by reciprocal exchange 
or by gene conversion. 2. Close markers are more 
likely to recombine non-reciprocally. 3. Gene con¬ 
version observes the principle of parity. 4. Gene 
conversion is polar. 5. In half of the cases, gene 
conversion is accompanied by classical exchange of 
outside markers. 6. Reciprocal recombination is 
always accompanied by exchange of outside markers. 
7. Conversion that does not involve outside exchange 
shows no interference of flanking genes. 8. Gene 
conversion accompanied by outside marker exchange 
may also involve interference. 9. Conversion asci 
(5:3, 6:2) obey the principles listed under 1 to 8. 

10. All markers (except deletions, and a small fraction 
of conversion alleles) can segregate post-meiotically. 

11. The very rare aberrant 4:4 conversion asci may be 
the results of two events, ►recombination, ►gene 
conversion 

Sex Comb: Special structures on the metatarsal region 
of the foreleg of Drosophila male (see Fig. S3 8). 
►Drosophila 



Figure S38. Sex comb 


Sex Controlled (sex influenced): The degree of 
expression of a gene is determined by the sex (e.g., 
baldness is more common in human males than 
females). ►Hirschsprung’s disease, ►Huntington’s 
disease, ►imprinting 

Sex Determination: In dioecious animals and plants, sex 
is usually determined by the presence of two X 
(female) and XY (male) chromosomal constitution, 
respectively. In other words, the females are homo¬ 
gametic (i.e., the eggs all carry an X chromosome) 
and the males are heterogametic (i.e., they can 
produce sperm with either X or Y chromosomes). 
Exceptionally XX individuals may be males if the 
sex-determining section of the Y chromosome is 
translocated to an X. An XY individual can be a 
female if from the Y chromosome the sex¬ 
determining part of her Y chromosome was lost. In 
some species, e.g., birds and moths, the females are 
heterogametic (WZ) and the males are homogametic 
(ZZ). In the nematode Caenorhabditis, some grass¬ 
hoppers, and some fishes, the females are XX and 
the males are of XO (single X) constitution. In 
Drosophila , the proportion of the X chromosome(s) 
and autosomes (A sets) determines sex. Normally, if 
the ratio is 1 X:2 sets of autosomes, the individual is 
male; if there are 2 Xs:2 sets of autosomes, the fly is 
female. All individuals with a sex ratio above 1 are 
also females and those with a ratio between 0.5 and 1 
are intersexes. XO human and mouse individuals 
are females, however, and irrespective of the number 
of X chromosomes, as long as there is at least 1 Y 
chromosome, they appear male. In hermaphroditic 
plants the development of the gynoecia and androe- 
cea are determined by one or more gene loci. 
Actually, in Drosophila three major and some 
minor genes are known to control sex. Sexlethal 
( Sxl , 1-19.2) can mutate to recessive loss-of-function 
alleles that are deleterious to females but inconse¬ 
quential to males. The dominant gain-of-function 
mutations do not affect appreciably the females but 
are deleterious to males. The Sxl locus may produce 
ten different transcripts. Three transcripts (4.0, 3.1 
and 1.7 kb) are expressed at the blastoderm stage. 
Adult females have four transcripts (4.2, 3.3, 3.3, and 
1.9 kb); the latter two are missing or reduced if the 
germline is defective. Adult males display three 
transcripts (4.4, 3.6 and 2.0 kb). The Sxl transcripts 
are alternatively spliced and functional in the 
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female and are non-functional in the male. The Sxl 
gene product is apparently required for the mainte¬ 
nance of sexual determination and the processing of 
the downstream tra {transformer, 3-45) gene product. 
The Sxl protein (354 amino acids) controls alternative 
splicing of the tra pre-messenger RNA by binding to 
a polypyrimidine tract (UGUUUUUUU) of a non¬ 
sex-specific 3' splice site of one tra intron. This 
binding then prevents the binding of the U2AF 
general splicing factor binding to the site, and 
U2AF is forced then to a female-specific 3' splice 
site. The Sxl protein binds also to its own pre-mRNA 
and promotes its female-specific splicing. The Sxl 
locus is regulated by other known genes: da 
{daughterless, 2-41.5) is a positive activator of Sxl, 
and it is suppressed by the gain-of-fimction mutations 
of the latter gene. The expression of da + is necessary 
for the proper development of the gonads of the 
female in order to form viable eggs. In both sexes, the 
product of da + is required also for the development of 
the peripheral and central nervous systems and the 
formation of the cells that determine the adult cuticle. 
Thus, the da + gene has both maternal and embryonic 
influence. Females heterozygous for the da 1 muta¬ 
tions produce sterile or intersex males and masculin¬ 
ize the exceptional daughters, which are homozygous 
for male {maleless , 2-55.2); male is lethal to single X 
males but has no affect on XX females. The DA gene 
product is a helix-loop-helix protein with extensive 
homology to the human kE2 enhancer (human chromo¬ 
some 19p 13.3-p 13.2) of the K-chain family of 
immunoglobulins. Chromosomally, female (XX) flies 
homozygous for the third-chromosome recessive tra 
mutations become sterile males. XXY tra/tra indivi¬ 
duals are also sterile males but XY tra/tra males are 
normal males. A 0.9 kb transcript of the locus is female- 
specific and is required in the female, and another 1.1 
kb RNA is present in both sexes but no functions are 
known and is probably not essential. The splicing of 
the tra transcripts is controlled by Sxl gene products. 
When the 0.9 transcript is expressed in a XY fly, the 
body resembles that of a female. Another tra locus 
(transformer 2, 2-70) regulates spermiogenesis and 
mating in normal males. Null mutations of tra2 , when 
homozygous, transform XX females into sterile males. 
Actually, the tra2 gene products seem to mediate the 
splicing of the dsx {double sex , 3-48.1) transcripts. 
Dominant mutations at the dsx locus when heterozy¬ 
gous with the wild type allele change XX individuals 
into sterile males but they have no effect on XY males. 
Null alleles of dsx, when homozygous, transform XX 
flies into intersexes. The recessive allele dsxll trans¬ 
forms XY flies into intersexes, and the null alleles 
change both XX and XY flies into intersexes. Germline 
sexual differentiation is not affected by the normal 
allele of this gene but it is controlled by the X: autosome 


ratio. A 3.5 kb female-specific transcript is present in 
the larvae and adults. In the larvae, 3.8 and a 2.8 kb 
male-specific transcripts are detectable and by adult 
stage, in addition, a 0.7 kb RNA also appears. The ix 
{intersex, 2-60.5) mutations when homozygous also 
change the XX flies into intersexes. Homozygous ix 
XY males appear normal morphologically but their 
courtship and mating behavior is altered. Thus, sex 
determination in Drosophila appears to follow the 
cascade and fru regulates mating behavior and sexual 
orientation through the tra and tra2 genes: 

In summary: the X:autosome ratio is the trigger 
mechanism for the alternate sex developmental 
pathways. In the males, the Sxl and tra genes are 
expressed but their transcript is not spliced to 
functional forms (see Fig. S39). The critical male 
sex-determining function is attributed to locus dsx, 
which in the wild type produces a protein blocking 
the genes required for female development. In the 
females, with a chromosomal constitution of 2X:2A 
sets, a functional Sxl product is manufatured that 
mediates the female-specific splicing of its own 
transcripts. The Sxl protein mediates then the splicing 
of the tra transcripts, leading to the synthesis of a Tra 
protein, which along with the Tra2 protein directs the 
female-specific splicing of the dsx transcript. The 
synthesized DSX protein blocks then all the genes with 
functions that would be conducive to male develop¬ 
ment. Sex determination in Caenorhabditis is different 
from that in Drosophila, probably because the XX 
individuals are hermaphrodites and the nondisjunc- 
tional gametes lead to the development of the rare XO 
males. The level of expression of the known sex- 
determination genes is shown in Figure S40. 

fru 

—> Sxl —> tra —> tra2 dsx —> ix 
Figure S39. Major sex genes in Drosophila 

Early in the pathway, fox (female X) acts as a 
numerator of the X-chromosomes, and 5 X-linked 
dpy {dumpy) alleles regulate dosage compensation. 
The hermaphroditic XX females of Caenorhabditis 
originally may produce sperm, oocyte production is 
then switched on. The fem-3 gene turns on sperm 
production in the XX animals. The 3'-untranslated 
region of the mRNA of the fem-3 gene mediates the 
switch after the cytoplasmic binding factor FBF 
protein binds to this region. 

Six mog genes are important regulators of female 
male switching. In XX Caenorhabditis, the sex 
determination complex protein (SDC-2) blocks the 
expression of the male-determining gene her-1 and in 
that state hermaphrodites are formed. The SDC-2 
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X: A—> xol- 1— ^ sdc- 1—>/7er-1— > tre- 2— ^ f&m- 1 — 1 —> 

ratio |sofc-2 | fra-3 |fe/7?-2 

fox-1 |sc/c-3 | /e/77-3 

sex-1 | dpy 30 

XO low high low high low high low 


Female 






Figure S40. Sex chromosome: autosome ratio. (Diagram modified after Kuwabara, PE & Kimble, J 1992. Trends Genet 
8:164.) 


recruits to the X chromosome SDC-3, DUMPY 
(dpy), MIX-1 (mitosis and X), and other proteins, 
resulting in the reduced expression of the X 
chromosomal genes; thus, dosage compensation is 
realized. In the XO males, her-1 is transcribed and 
the SOC complex does not attach to the single X 
chromosome and all its genes are expressed normally. 
Sex determination in mammals is much more com¬ 
plex and the pathway is not entirely clear. For 
a number of years, the H-Y antigen was thought to 
have a major role but this turned out to be an incorrect 
notion. A major critical difference was found in an 11 
amino acid segment of SMCX (structural maintenance 
chromosome X) and SMCY proteins encoded within 
the X and Y homology region. The genes DMRT1 and 
2 in the short arm of human chromosome 9 have 
homologs in other mammals. Also, the Z chromo¬ 
somes in chicken, alligators, Drosophila , and Cae- 
norhabditis display higher expression in the male 
gonads than in the female gonads and appear to be 
basic regulators of sexual dimorphism. Sex chromo¬ 
somal anomalies in humans generally also lead to 
mental retardation. In several reptiles, sex is deter¬ 
mined by the temperature the eggs are exposed to 
during incubation in the sand they are laid in. Thus 
climate change and vegetation change can affect 
population structure in these animals (Kamel SJ, 
Mrosovsky N 2006 Ecol Appl 16:923). The actual 
manifestation of sex may be deeply affected by 
endocrine hormones directly or indirectly through 
environmental pollutants. In Plasmodium (causing 
malaria), induction of blood formation favors an 
increased production of the male parasite. In both 
plants and some hermaphroditic animals, stress 
conditions promotes maleness (Hughes RN et al 
2003 Proc Natl Acad Sci USA 100:10326). ►mating 
type determination in yeast, ►freemartins, ►hor¬ 
mones in sex determination, ►/rw, ►gynandro- 
morphs, ►chimera, ►intersex, ►fat body, 
►hermaphrodite, ►testicular feminization, ►sex 
hormones, ►pheromones, ►accessory sexual char¬ 
acters, ► sex phenotypic, ►mental retardation, 
►chromosomal sex determination, ►X-chromosome 


counting, ►mealy bug, ►dosage compensation, 
►M?/, ►M/e, ►transsexual, ►H-Y antigen, ►SRY, 

► sex-selection, ►mating type determination in 
yeast, ► Schizosaccharomyces pombe , ►F plasmid, 

► sex plasmid, ►Hfr, ► sex-chromosomal anomalies in 
humans, ►social insects, ► Sciara , ► schisotomiasis , 

► sex determination in plants, ► Rumex , ►sex-reversal, 
►pseudoautosomal, ►amelogenin test, ►arrhenotoky, 

► complementary sex determination, ►numerator, 
► Plasmodium , ►mealy bug, ►haploid; for sex 
determination in Caenorhabditis see Meyer BJ 2000 
Trends Genet 16:247; Mittwoch U 2001 J Exp Zool 
290:484; Koopman P 2001 Cell 105:843; Vilain E 
2000 Annu Rev Sex Res 11:1; Goodwin EB, Ellis RE 
2002 Curr Biol 12:R111; Hodgkin J 2002 Genetics 
162:767; detailed review of the molecular mechanism 
of sex determination in Drosophila : Black DL 2003 
Annu Rev Biochem 72:291; sex chromosome evolu¬ 
tion in mammals: Marshall Graves JA 2006 Cell 
124:901. 

Sex Determination in Plants: In dioecious plants, sex 
determination is very similar to that in animals (►sex 
determination). In monoecious and hermaphroditic 
plants, sex is controlled without the presence of special 
chromosomes and a number of genes (nuclear, 
mitochondrial, and plastidic) involved in morphogene¬ 
sis, phytohormone synthesis, and environmental re¬ 
sponses determine the differentiation of the flowers and 
the oogenesis (female) and microsporogenesis (male), 
and therefore, sexuality. Genes are known that are 
similar to those of sex reversal in animals and feminize 
or masculinize, respectively, the monoecious or 
hermaphroditic flowers (e.g., tassel seed , silkless [in 
maize], superman , gametophyte female 

[in Arabidopsis ], etc.). Tasselseed 2 encodes a short- 
chain alcohol dehydrogenase that is involved in stage- 
specific floral organ abortion. Gibberellic acids, 
brassinosteroids, ethylene, chromosome-breaking 
agents, and mutagens may also influence the expres¬ 
sion of sexual development as well as temperature 
regimes and other environmental factors, ►gameto¬ 
phyte, ►gametophyte factors, ►vernalization, 
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►photoperiodism, ►self-incompatibility, ►flower dif¬ 
ferentiation, ►phytohormones; Juarez C, Banks JA 
1998 Curr Opin Plant Biol 1:68. 

Sex Differences: Sex differences vary among phyloge¬ 
netic groups in both morphology and function. 
In humans, the chromosomal constitution (XX, XY) 
is different. The more than single X chromosome 
generally undergoes lyonization. The ribosomal pro¬ 
tein RPS4Y encoded by the Y chromosome is different 
from the X chromosome RPS4X. The relative level of 
hormones depends on sex; the ovaries produce more 
estrogen and progesterone (correlated with incidence of 
breast cancer). Reduction of the natural supply of 
estrogen may involve reduced memory and increase 
autoimmune disorders in females. Other, phenotypic 
differences are obvious. A survey of the expression of 
13,977 mouse genes in males and females indicated 
differences besides the reproductive tissues; differ¬ 
ences were also found in the kidney and liver genes 
involved in dmg and steroid metabolism and osmotic 
regulation (Rinn JL et al 2004 Dev Cell 6:791). 
Sex hormones quantitatively affect the expression of 
many genes involved in different metabolic functions 
and disease (Weiss LA et al 2006 Nature Genet 
28:218). ►sex, ►sex determination, ►lyonization, 
► estrogen, ►androgen, ►autoimmune diseases, 
►gender; human sex differences between men and 
women: Federman DD 2006 N Engl J Med 354:1507. 

Sex Differentiation: ►sex, ►sex determination 

Sex, Evolutionary Significance: It has generally been 
assumed that sex facilitates the purging of linked 
deleterious parental genes by recombination. But 
Keightley, P.D. and Eyre-Walker, A. (Science 290:331) 
arrived to the conclusion that sex is not maintained by its 
ability to purge deleterious mutations. Sex may be 
disadvantageous for evolution. Experimental evidence 
in yeast supports the advantage of sex in selective 
environment (Goddard MR et al 2005 Nature [Lond] 
434:636). Sex selects for robustness and evolutionary 
advantage (Azevedo RBR et al 2006 Nature [Lond] 
440:87). Acquisition of sex led to the evolution of 
diploidy, which is protective against the conse¬ 
quences of deleterious recessive mutations, ►sex, 
►Kondrashov’s deterministic model of evolution of 
sex; Rice WR, Chippindale AK 2001 Science 294:555; 
Kondrashov FA, Kondrashov AS 2001 Proc Natl Acad 
Sci USA 98:12089; Bachtrog D 2003 Nature Genet 
34:215. 

Sex Factor: A transmissible plasmid in bacteria 
that carries the fertility factor(s) F. ►F + , ►Flfr, 
►F plasmid 

Sex Hormones: Sex hormones have either estrogenic 
(female) or androgenic (male) influence. These are 


steroids of the ovaries and placenta (estradiol, 
progesterone), the testes (testosterone), or of the 
adrenal cortex (cortisol and aldosterol). Gene expres¬ 
sion patterns of the uterine luminal epithelial cells 
might be regulated by estradiol-17p and inhibited by 
progesterone. Progesterone rapidly downregulated 
about 20 genes associated with DNA replication. 
Among the down-regulated group were all six mini¬ 
chromosome maintenance proteins (MCM), suggest¬ 
ing that replication licensing is a key in sex steroid 
hormone regulation of cell proliferation in the uterus 
(Pan H et al 2006 Proc Natl Acad Sci USA 
103:14021). Testosterone is also required in females, 
although in smaller amounts. Androgens control the 
reproductive organs but also affect hair growth 
(beard) and the early death of the hair follicles 
causing preferential male baldness. Androgens pro¬ 
mote bone and increased muscle growth as well. 
Some of the synthetic “anabolic hormones,” without 
androgenic effects, are used (illegally) by athletes to 
boost performance. Testosterones are also precursors 
of estrogens. Estrogens are formed in the female- 
specific organs and their targets include the mammary 
glands, bones, and fat tissues. Estrogen synthesis 
is regulated by the follicle-stimulating hormone 
(FSH) of the anterior pituitary. The pituitary luteiniz¬ 
ing hormone mediates the release of the egg, and 
progesterone is required for the maintenance of 
pregnancy. The administration of exogenous estro¬ 
gens and progestins inhibit ovulation and can be 
used as contraceptives. Other compounds act by 
prevention of the fusion of the sperm with the egg or 
implantation of the egg in the uterus, e.g., the drug 
RU486. Before the development of the contraceptive 
pills, in the ancient world herbal medicine had been 
used, prepared from plants (berries of Juniperus 
sabina , gentiana) (see Fig. S41) that contained estro¬ 
gens. Sperm production may be stopped by injection 
of progestin and androgen combinations, while 
inhibiting epididymal functions can prevent sperm 
maturation or may interfere with the release of 
enzymes required for breaking through the protective 
coat of the egg. Antiprogestins, antiestrogens, or 
other inhibitors of steroid biosynthesis and non¬ 
peptide antigonadotropin-releasing hormone antago¬ 
nists may serve as female contraceptives. The steroid 
hormone-controlled sexual behavior is also mediated 
by neuronal activity. Prolonged use of steroid con¬ 
traceptives or androgenic or anabolic steroids may 
increase the risk of liver, ovarian, or uterine car¬ 
cinomas. There are several diseases or conditions 
(heart diseases, thromboses, embolism, diabetes, skin 
irritations, Chlamydia infection, etc.) where con¬ 
traceptive drugs are not or conditionally permissive. 
In some conditions (ovarian and endometrial cancer, 
uterine myoma, rheumatoid arthritis, etc.), oral 
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contraceptives may be beneficial. Ethinylestridiol 
may occur in human females taking oral contra¬ 
ceptives and if they become pregnant accidentally 
(3%), the fetus is exposed to this compound. 
Bisphenol leached out from resin-coated lining of 
food and beverage containers, dental sealers, and 
polycarbonate plastic is also an estrogen. Male mouse 
fetus, when exposed to these substances, develops 
prostate duct abnormalities (Timms BG et al 2005 Proc 
Natl Acad Sci USA 102:7014). ►animal hormones, 
►hormone receptors, ►RU486, ►bisphenol, ►estra¬ 
diol, ►progesterone, ►MCM, ►hyperlipoproteine¬ 
mia, ►epididymis, ►transsexual, ►sex, ►fertilization, 
► fertility, ►infertility, ►ART, ►contraceptives 



Figure S41. Juniper 

Sex Influenced: ►sex-influenced, ►sex controlled, 

► imprinting 

Sex Linkage: In sex linkage, various genes in the 
sex chromosomes are inherited with the transmission 
of that chromosome. Sex linkage in females is 
generally partial because the two X-chromosomes 
may recombine. The recombination between the 
X and Y chromosomes is limited only to the homolo¬ 
gous (pseudoautosomal) regions. In some insects 
(Drosophila , silkworm), recombination even between 
autosomes is usually absent in the heterogametic sex. 
►recombination frequency, ►recombination mechan¬ 
isms, ► crossing over, ►hemophilia, ►autosexing, 

► genetic equilibrium, ►pseudoautosomal, ►criss¬ 
cross inheritance; Morgan TH 1910 Science 32:120; 
Morgan TH 1912 Science 36:719. 

Sex Mosaic: The sex-chromosomal constitution in the 
body cells may vary in a sectorial manner. Typical 
examples are the gynandromorphs in insects, which 
have body sectors with both XX and XO constitution. 
Sex mosaicism also occurs in humans with variable 
numbers of X and Y chromosomal sectors. The 
mosaicism is generally the result of non-disjunction 
or chromosome elimination, ►sex determination, 

► non-disjunction, ► gynandromorphs 

Sex, Phenotypic: The phenotypic manifestations of 
the influence of the steroid sex hormones, such as 
facial hair, increased phallic size in males, horns or 


special plumage in animals, and enlarged breast and 
mammary glands development in females, ►sex 
determination, ►animal hormones 

Sex Pilus: ►pilus 

Sex Plasmid: The bacterial F plasmid. ►F element, 
►F plasmid 

Sex Proportion: The proportion of male individuals in a 
population, ►sex ratio 

Sex Ratio: The primary sex ratio is the number of male 
conceptuses relative to that of females. The second¬ 
ary sex ratio indicates the number of females:males 
at birth. The tertiary sex ratio states the ratio 
among adult males and females. Since XX females 
are mated with XY males, the proportion—just as in a 
testcross—should be 1:1. In the United States, at birth 
the proportion is about 105-106 males: 100 females. 
In the West Indies the proportion is about 1:1 or the 
number of females is slightly more. In China and 
Korea, the sex ratio in newborns is about 115 males to 
100 females. Generally the female:male ratio shifts in 
favor of females by progressing age. By about 21-22, 
in the USA, the female:male proportion becomes 
about 1:1, and because of mortality differential of the 
sexes, by age 65 there are about 145 females for 100 
males. In dioecious plants, the sex ratio may vary a 
great deal because of modifier genes and physiologi¬ 
cal factors (hormone supply). Since the 1930s, 
population geneticists have repeatedly considered 
the problem whether infanticide alters the sex ratio by 
selection. Infanticide generally biases the childhood 
ratio against females. This might have the conse¬ 
quence that the genes of families producing males 
would be favored, would have greater fitness, and the 
secondary sex ratio would tend to be biased in favor 
of males. The problem is more complicated, however, 
in human societies because systems of mating and the 
socio-economical conditions have a substantial 
influence. Statistical data seems to indicate that under 
stressful living conditions, women preferentially 
abort male fetuses and this reduces the secondary 
sex ratio (Catalano R, Bruckner T 2006 Proc Natl 
Acad Sci USA 103:1639). 

In some Drosophila stocks, infection by filiform 
bacteria results in female offspring. The sex-ratio 
genes in the Drosophila X chromosome cause an 
excess of females in the progeny of the males carrying 
this gene(s). Usually, drive suppressors in the 
autosomes and in the Y chromosome balance the 
sex-ratio gene expression. Some gynandromorphs 
with very small XO sectors may also survive. Triploid 
intersexes live, as do females sex-transformed by tra , 
ix , and dsx genes (i.e., phenotypically males, although 
XX). The sex ratio in the Seychelles warbler’s 
(Acrocephalus sechellensis ) eggs may vary according 
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to the availability of food supply; in low-food 
territories they may have 77% male offspring, 
whereas with high food supply the proportion of 
sons may be only 13%. This difference is not due to 
the different viability of the eggs. In some species of 
the Cyrtodiopsis flies in Malaysia, the sex ratio may 
be biased either toward the females or toward the 
males. In the cases of female bias, the males carry a 
driver-X chromosome that by some means eliminates 
from fertilization most of the Y-bearing sperms 
resulting in predominantly female (XX) offspring. 
In the male biased stocks, the Y chromosome carries a 
suppressor for the driver-X and actually somewhat 
increases the chances of function for the Y-bearing 
sperms, resulting in more than 50% male progeny. 
Irrespective of the actual mechanism of sex determi¬ 
nation, natural selection tends to promote the 1:1 
proportion of the two sexes because as long as sexual 
reproduction is maintained, both males and females 
contribute to the offspring, ►hermaphroditism, ►sex 
determination, ►sex-reversal, ►spirochete, ►infec¬ 
tious heredity, ►sex proportion, ►gynandromorph, 

► age of parents and secondary sex ratio, 
►male-stuffing, ►sex selection, ►segregation 
distorter, ►meiotic drive, ►dosage compensation, 

► Wolbachia ; Jaenike J 2001 Annu Rev Ecol Syst 
32:25; Hardy ICW (Ed.) 2002 Sex Ratios. Concepts 
and Research Methods. Cambridge University Press, 
Cambridge, UK. 

Sex Realizer: A substance that determines whether male 
or female gonads would develop. 

Sex Reversal (sex change): Sex reversal involves sex 
phenotypes that do not match the expectation based 
on chromosomal sex determination. Gene fru splices 
differently in males and females of Drosophila. If the 
splicing in males is according to the female pattern or 
in the females in the male pattern, the sexual behavior 
(courtship) is reversed and males and females court 
the same sex (Demir E, Dickson BJ 2005 Cell 
221:785) because of altered response to pheromones 
through the olfactory system (Stockinger P et al 2005 
Cell 1231:795). It has been suggested that a certain 
number of trinucleotide repeats (glutamine) in the Sry 
gene would be responsible for this reversal but other 
studies could not confirm the mechanism in mice and 
it appears that alteration in the function of autosomal 
regulator genes may be involved. There are apparent¬ 
ly sex-determining autosomal (17q24.3-q25.1 and 
9p24) factors, which may cause sex reversal in 46XY 
individuals. Other autosomal and X-chromosomal 
genes (Xp21.3-p21.2) may also be responsible for sex 
reversal. In young mice with knockout for the 
estrogen receptors a and p (apERKO), the develop¬ 
ment of the sexual organs is near normal. By adult 
stage in the ovaries of the females, seminiferous 


tubule-like structures develop, Mullerian inhibitory 
substance is formed at an elevated level, and Sox9 
protein has been found indicating that the estrogen 
receptors (ER) are essential for the maintenance of the 
normal ovarian phenotype. The apERKO males 
displayed some spermatogenesis but also became 
sterile. In both males and females, the aER is most 
essential for normal sexuality. Male-to-female sex 
change in mice seems to be controlled by fibroblast 
growth factor 9. Defect in the nuclear localization of 
SRY may lead to gonadal dysgenesis in humans. 
Mutation in the R-spondins family of human growth 
gene results in a recessive syndrome in the absence of 
the testis-determining SRY gene, characterized by 
complete XX sex reversal, palmoplantar hyperkera¬ 
tosis, and predisposition to squamous cell carcinoma 
of the skin (Parma P et al 2006 Nature Genet 
38:1304). R-spondins are ligands interacting with 
Fzd/LRP (Frizzled/Lipoprotein related) receptor 
complexes and inducing beta-catenin-T cell factor 
(TCF) gene activation in different species both in 
vitro and in vivo. ► SRY, ► tra , ► sex determination, 
► campomelic dysplasia, ►hermaphroditism, ►pseu¬ 
dohermaphroditism, ► homosexual, ►testicular fem¬ 
inization, ► SF-1, ►estradiol, ►SOX, ►knockout, 
►gonads, ►Mullerian ducts, ► Wingless, ►adrenal 
hypoplasia congenital, ►FGF, ►gonadal dysgenesis, 
►thrombospondin, ►R-spondin; Ostrer H 2000 
Semin Reprod Med 18:41; Colvin JS et al 2001 Cell 
104:875; Li B et al 2001 J Biol Chem 276:46480; sex 
reversal-sex determination review: Camerino G et al 
2006 Curr Opin Genet Dev 16:289. 

Sex Selection: Sex selection is possible with the use of 
cell sorters, followed by artificial insemination. Sex 
determination is feasible also by FISH or PCR before 
implantation. The mammalian X-chromosome- 
bearing sperm has 2.8 to 7.5% more DNA than the 
Y bearing sperms. The sperm can be classified and 
selected with high efficiency and at high speed (18 
million sperm/h). It is used in animal husbandry for 
artificial insemination and its effectiveness is 
85-95%. It would be technically feasible also in 
human artificial insemination and ethically less 
objectionable than the preimplantation selection of 
fertilized eggs. Sex selection involves not just ethical 
problems but it may also affect the sex ratio in the 
population. It has been estimated that in China 
the males exceed females by ~30% because of 
selective abortion. This also leads to a social imba¬ 
lance because many males may not find mates, ►cell 
sorter, ►segregation distorter, ►sex determination, 
►ART, ►PGD, ►social selection, ►sex ratio; Gamer 
DL 2001 J Androl 22:519; Johnson LA 2000 
Anim Repr Sci 60-61:93; van Munster EB 2002 
Cytometry 47:192; Welch GR, Johnson LA 1999 
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Theriogenology 52:1343; international survey of 
frequency: Sermon K et al 2005 Hum Reprod 20:19. 

Sex Vesicle (XY body): The meiotically paired mam¬ 
malian sex chromosomes in the males may be 
heterochromatinized and form the sex vesicle, a 
special, visible structure, ►sex chromosomes, ►het¬ 
erochromatin 

Sexduction (F-duction): F-duction takes place when 
genes carried in the bacterial sex element (F' plasmid) 
recombine with the bacterial chromosome. ►F' plas¬ 
mid, ►Hfr, ►conjugational mapping, ►transduction; 
Jacob F et al 1960 Symp Soc Gen Microbiol 10:67; 
Lederberg EM 1960 Symp Soc Gen Microbiol 
10:115; see Fig. S42. 
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F element is integrated into 
the bacterial genome. 
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Synapsis and breakage at 
point of contact. 


4 



F element excised contains 
a bacterial gene but a part 
of its own DNA is left behind 
within the main genophore of 
the cell. 

The F' element containing 
a segment homologous to the 
main genophore of the cell 
may participate in reciprocal 
recombination. 

Another cell acquires thus 
the sexduced a* gene 


Figure S42. Sexduction 


Sex-Influenced: A sex-influenced trait is that, which has 
a different degree of expression in male and female 
individuals, e.g., facial hairs in humans, color of 
plumage in birds, horns in deer, etc. ►hare lip, 
►pyloric stenosis, ►Hirschsprung’s disease, ►lupus 
erythemato sus , ► imprinting 

Sexing: Distinguishing female from male forms of 
animals. This procedure may be difficult in young 
birds because the genitalia may appear ambiguous to 
those who do not have special expertise (►autosex- 
ing). The avian males are homogametic (WW) and 


the females are heterogametic (ZW). Sexing may be 
carried out also by the karyotyping of the tissues or 
Barr body detection. Molecular sexing may make 
possible the identification of sex on the basis of DNA 
markers from any tissue sample. On the Z chromo¬ 
somes, there are both the CHD-W and the CHD-NW 
genes whereas the W chromosome carry only the 
CHD-NW gene. The base sequences of these two 
genes are very similar, except in a short tract. When a 
restriction enzyme cuts within this segment of CHD- 
W, the females display three electrophoretic bands 
but the males show only one. 

A non-invasive sexing may be carried out on 
preimplantation embryos by inserting a green fluo¬ 
rescent transgene into the X chromosome. The male 
offspring of green fluorescent mammalian males will 
not display fluorescence. Such transgenic animals are 
apparently normal, ►sex determination, ►autosex- 
ing, ►genetic sexing lines, ►aequorin 

Sex-Limited: The expression of a sex-limited trait is 
limited to one sex (e.g., lactation in females, 
Wildervanck syndrome). 

Sex-Linked Lethal Mutations: Sex-linked lethal muta¬ 
tions in Drosophila served as the first laboratory test 
to quantitate mutation frequency and assess the 
mutagenic properties of physical and chemical 
agents. The old procedure was called the CIB test 
(C stands for crossover exclusion brought about by 
the presence of usually three inversions, / is a 
recessive lethal gene, and B indicates the dominant 
Bar eye mutation.) The principle of the techniques is 
diagrammed at CIB. If any new recessive mutation 
takes place in the X chromosome of a male, then in 
the F 2 only females may occur because the original 
recessive / gene present in the inverted B l 
chromosome will kill the hemizygous male progeny. 
If a new lethal mutation occurs, it may kill (or much 
reduce the proportion) of the other type of males in 
F 2 . Nowadays instead of the CIB method, generally 
the improved Base chromosome is used ( B: Bar , a: 
apricot eye color [w locus] and sc: scute inversions). 
Any recessive lethal mutation in the X-chromosome 
of the grandfather’s sperm results in the death of one of 
the grandsons. Rarely, some exceptional females are 
also found, which are the result of unequal sister 
chromatid exchange in the inversion heterozygote 
mother. Somewhat similar manner autosomal reces¬ 
sive lethals can also be detected in Cy L/Pm stocks, 
►bioassays in genetic toxicology, ►autosomal reces¬ 
sive lethal assay, *Basc, ► Clb and diagrams there. 

Sex-Reversal: As per sex-reversal, the sex by karyotype 
does not always correspond to sex phenotype. By 
translocation, a testis-determining factor (TDF/SRY) 
may move from the Y chromosome to an X 
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chromosome, and thus 46 autosome XX males can 
occur. Also, it has been claimed that an autosomal 
testis-determining factor (TDFA) may be responsible 
for some of the intersexes and sex reversion cases. 
Terminal deletions of human chromosome 9p and 
lOq may result in sex-reversal, ►intersexes, ►FLY 
antigen, ►SRY, ►hermaphroditism, ►pseudoher¬ 
maphroditism, ►testicular feminization, ►Swyer 
syndrome, ►gonadal dysgenesis, ►sex determina¬ 
tion, ► campomelic dysplasia, ►DSS, ► Polycomb] 
Osterer H 2001 J Appl Physiol 91:2384; Li B et al 
2001 J Biol Chem 276:46480. 

Sex-Selection: As per sex selection, X-bearing sperms 
can be separated with reasonably good efficiency 
from their Y-bearing counterparts with the aid of cell 
sorters and fluorescent labeling, on the basis of the 
increased DNA content of X-bearing sperms. This 
process then can be used in artificial insemination 
in animal breeding. For humans, sex-selection is 
primarily an ethical issue, ►sex determination, ►sex 
ratio; Johnson LA 2000 Anim Reprod Sci 60-61:93; 
Welch GR, Johnson LA 1999 Theriogenology 52:1343. 

Sexual Conflict: In sexual conflict, the enhanced 
reproductive success of one of the sexes reduces the 
fitness of the other, e.g., polyspermic fertilization. 
The seminal fluid of the male (mating success) may 
be toxic to the female and reduces the lifespan of the 
female Drosophila, ►polyspermic fertilization, 
► sexual selection; Rice WR 1996 Nature [Lond] 
381:232. 

Sexual Differentiation: The realization of sex- 
determination (gonads) and development of second¬ 
ary sexual characters, such as facial hair in men, 
differential plumage in birds, etc. In Drosophila , for 
the male gonad differentiation and normal sexual 
development the expression of the JAK-STAT signal 
transduction pathway is required in the somatic cells. 
For the female gonads, JAK-STAT activity is not 
necessary (Waversik M et al 2005 Nature [Lond] 
436:563). ►gonad, ►signal transduction; Wedell A 
et al 2000 Lakartidningen 97:449; Burtis KC 2002 
Science 297:1135; Reiner WG, Gearhart JP 2004 N 
Engl J Med 350:333; gonadal and functional 
abnormalities: MacLaughlin DT, Donahoe PK 2004 
N Engl J Med 350:367. 

Sexual Dimorphism: As per sexual dimorphism, the 
two sexes are morphologically distinguishable. In 
some species, the differences appear only during later 
development or by the time of sexual maturity. 
The differences are not limited to morphology but 
also various functions may differ. In the males, the 
language centers are localized in the left inferior 
frontal gyrus region of the brain, while in females 
both left and right regions are active. Conversion of 


testosterone to estradiol by neuronal tissue critically 
affects sexual differentiation of the brain. GABA and 
calcium-binding proteins are more abundant in the 
newborn male rats relative to females. This difference 
appears to be a switch from excitatory action in the 
males to inhibitory signals in the females. GABA 
would increase phosphorylation of CREB at Ser 133 
by protein kinase A, calcium-activated calmodulin 
kinase, ribosomal S6 kinase 2, and mitogen-activated 
kinase-activated protein kinase 2 in the brain of the 
male. This appears to be the initial signal to sexual 
dimorphism. Wnt-7a regulates sexual dimorphism of 
mouse by controlling the Mullerian inhibitory 
substance, ►human intelligence, ►autosexing, 

► sex determination, ►GABA, ►protein kinases, 

► calmodulin, ►CREB, ► wingless, ►Mullerian 
duct, ►gonads; Auger AP et al 2001 Proc Natl Acad 
Sci USA 98:8059; Vincent Set al 2001 Cell 106:399. 

Sexual Dysfunction: ►erectile dysfunction, ►priapism, 
►Peyronie disease, ►vaginismus 

Sexual Incompatibility: ►incompatibility 

Sexual Isolation: Sexual isolation has significance in 
speciation by, either preventing mating (isolation by 
life cycle, behavior or generative organs) between 
certain genotypes, or because of gametic or zygotic 
death or in viability of their offspring. Avery common 
form of sexual isolation is the inviability of the 
recombinants of chromosomal inversions. The cross¬ 
breeding at the incipient speciation may be prevented 
by pheromone gene(s) responsible for the production 
of differences in the female cuticular hydrocarbons in 
Drosophila, ►incompatibility, ►inversions, ►speci¬ 
ation, ► fertility, ►pheromone; Majestic J 2001 
FEMS Lett 199:161; Fang S et al 2002 Genetics 
162:781. 

Sexual Maturity: The developmental stage by which 
reproductive ability is attained. It varies in different 
organisms (m: month, y: year): cat 6-12 m, cattle 
6-12 m, chimpanzee 8-10 y, dog 9 m, elephant 
8-16 y, horse 12 m, humans 12-14 y, mouse 1 m, 
rabbit 3-4 m, rat 2 m, sheep 6 m, swine 5-6 m. Sexual 
maturity is affected also by environmental factors, 
►gestation 

Sexual Orientation: ►homosexual 

Sexual Reproduction: The production of offspring by 
mating of gametes of opposites sex or mating type. 
Sexual reproduction seems to have evolved because it 
facilitates segregation of alleles and recombination 
among linked loci, resulting in increased fitness in 
different environments. The fungus Cryptococcus 
neoformans has both a and a mating types, yet the 
majority of the populations are represented by a 
mating type only. In these cases, the same mating type 
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spores may fuse, undergo meiosis and produce four a 
spores (see Fig. S43) (Lin X et al 2005 Nature [Lond] 
434:1017). ►meiosis, ►gametogenesis; http://www. 
germonline.org/index.html. 



Fruiting Fusion Meiosis Four spores 


Figure S43. Sexual reproduction between same 
mating type 



Sexual Selection: Competition among mates of the 
same sex or gametes or preferential choice of one or 
another type of mates. The general purpose of sexual 
selection is to find mates with selective advantage for 
the offspring. Some body ornaments of the male birds 
may increase their sexual attractiveness to females 
and provides a selective advantage in mating and 
producing offspring. Some body features may be 
associated with high viability genes and are evolu- 
tionarily advantageous to the bearer as a means of 
higher chances of leaving offspring by mate choice. 
A quantitative analysis of the correlation between 
body-ornament (white head-spot) of the male fly¬ 
catcher bird (Ficedula albicollis ) indicated that the 
ornament did not evolve by hitchhiking with genes of 
otherwise higher fitness but by its own merit (see 
Fig. S44) (Qvamstrom A et al 2006 Nature [Lond] 
411:84). In some instances, the actual value of the 
selected trait, e.g., the fancy tail of the peacock may 
not easily be rationalized (see Fig. S45). The gynogen 
Sailfin Molly fish females reproduce clonally, yet 
they rely on sperm of heterospecific males to initiate 
embryogenesis; thus, it appears that the males do not 
contribute to the progeny. Yet the sexual forms of 
the females prefer those males, which mate with the 
gynogens. Consequently, the males exploited by the 
gynogens still benefit from the unusual sexual 
selection. Although sexual selection most frequently 
involves the selection of the males, in the sand lizard 
(Lacerta agilis ), the females achieve selection. The 



Figure S44. Ficedula albicollis 



Figure S45. Peacock, Chinese handiwork 


females may copulate with several closely or 
distantly related males but it appears that the share 
of offspring sired by the remotely or unrelated males 
is higher in the same clutch. Thus, the females selecte 
apparently the sperm of the more distantly related 
males. Females of feral fowl may eject the sperm 
acquired through coerced mating by inferior males. 
Mate preference in male and female rats whose 
progenitors had been treated with the antiandrogenic 
fungicide vinclozolin (LD 50 10 mg/kg, rat) has been 
observed. This effect is sex-specific, and females 
three generations removed from the exposure dis¬ 
criminate (transgenerational effect) and prefer males 
who do not have a history of exposure, whereas 
similarly epigenetically imprinted males do not 
exhibit such a preference (Crews D et al 2007 Proc 
Natl Acad Sci USA 104:5942). Polymorphism exists 
in binding a protein that facilitates the attachment of 
the sperm to the egg and that may affect male 
selection by the egg. In some instances, the sexual 
selection is based on meiotic drive. In Drosophila 
species, mate recognition/preference is influenced by 
cuticular hydrocarbon composition. In guppy fish, 
sexual attractiveness of the males is positively 






correlated with ornamentation (encoded in the Y 
chromosome) but negatively correlated with survival. 
Asexual populations may have higher fitness than the 
sexual ones because every individual has a chance to 
reproduce, especially when the deleterious mutation 
rate is higher in males than in females, as is most 
commonly the case, ►meiotic drive, ►sexual dimor¬ 
phism, ► certation, ►megaspore selection, ►assorta- 
tive mating, ►disassortative mating, ►gynogenesis, 
►heterospecific, ►conflict evolutionary, ►sexual 
conflict, ►transgenerational effect; mate choice: 
Chenoweth SF, Blows MW 2006 Nature Rev Genet 
7:681; Swanson WJ et al 2001 Proc Natl Acad Sci 
USA 98:2509; Snook RR 2001 Curr Biol 11:R337; 
Knight J 2002 Nature [Lond] 415:254; Pizzari T, 
Birkhead TR 2002 Biol Rev 77:183. 

Sexual Swelling: A large, conspicuous reddish structure 
in between the vulva and the anus of the females of 
many Old World primates at the time of ovulation. It 
is a mating attractant for the males and has a value in 
sexual selection, ►vulva, ►anus, ►sexual selection 

Sexuparous: The sexual production of offspring in 
species where parthenogenetic reproduction co-exists 
with sexual reproduction, ►parthenogenesis 

SF: ►hybrid dysgenesis I-R system. Also ►splicing 
factor protein, ►introns 

SF1 (stimulatory factor): A yeast protein (33 kDa) 
reducing the binding requirement (at the concentra¬ 
tion of 1 SF/20 nucleotides) of protein Sep 1 to DNA 
during recombination, by two orders of magnitude. It 
probably has a role in DNA pairing, ►synapsis 

SF1 (splicing-transcription factor): SF1 represses tran¬ 
scription. (See Goldstrohm AC et al 2001 Mol Cell 
Biol 21:7617). 

SF-1 (Ftz -FI, fushi tarazu factor homolog, nuclear 
receptor subfamily 5 group A member 1[NR5A1]): 
The steroidogenic factor (adrenal 4 binding protein 
[Ad4bp]) at human chromosome 9q33 (30 kb 
genomic DNA) regulates cytochrome 450 steroid 
21-hydroxylase, aldosterone synthase, anti-Mullerian 
hormone (MIS), XY sex reversal, and adrenal failure 
and plays key role in steroid biosynthesis. SF-1 
function is modulated by phospholipids through 
mediating ligand binding (Li Y et al 2005 Mol 
Cell 17:491). ►steroid hormones, ►fushi tarazu, 
►Mullerian ducts; Whitworth DJ et al 2001 Gene 
277:209; crystal structure: Wang W 2005 Proc Natl 
Acad Sci USA 102:7505. 

SF2/ASF: ►SR protein, ►SR motif 

SFF: A cell cycle regulating yeast protein, ►cell cycle 


SFK: A group of tyrosine protein kinases, SFKs, reside 
on the interior part of the cell membrane and respond 
to external signals. They are members of the Src 
family. When phosphorylated by Csk or other 
kinases, the proteins assume an inactive conformation 
and their activation requires phosphatases. Cbp 
attracts Csk to the membrane. The active SFK then 
phosphorylates other proteins. Rafts localized on the 
outer surface of the membrane modify SFKs. ►CBP, 
►Csk, ►RAFT, ►Src; Vara JA et al 2001 Mol Biol 
Cell 12:2171. 

SFM: Serum-free medium. 

Sfpil: A protooncogene; probably the same transcrip¬ 
tion factor as PU.l and Spi7. ►5/?/7, ►PU.l 

SGLT (sodium/glucose co-transporter): A defect in 
SGLT results in Glucose-Galactose Malabsorption 
(GGM), a potentially fatal neonatal (human chromo¬ 
some 22) recessive disorder, unless the diet is made 
sugar-free. (See Xie Z et al 2000 J Biol Chem 
275:25959). 

SGP-1: The syntenic gene predictor in homologous 
sequences of genomes, ►gene predictor; Wiehe T 
et al 2001 Genome Res 11:1574; http://soft.ice.mg. 
de/spg-1. 

SGT1: A proteolysis factor controlled by ubiquitin. 
►ubiquitin; Tor M et al 2002 Plant Cell 14:993. 

SH 2 (src homology domain): An about 100 amino acid 
long binding site for tyrosine phosphoproteins. These 
phosphoproteins such as the SRC and ABL cellular 
oncogenes, phosphotyrosine phosphatases, GTPase 
activating protein, phospholipase C, and the Grb/Sem 
5 adaptor protein have important role in signal 
transduction. In the human genome, there are about 
115 SH2 domains. ►SH3, ►SRC, ►WW, ►PTB, 
►pleckstrin, ► signal transduction 

SH 3 : (src homology domain): The binding site for the 
proline-rich motif (Arg-X-Leu-Pro-Pro-Z-Pro [the 
latter is Leu for the Src oncoprotein and Z is Arg 
for phosphoinositide kinase] or it can be X-Pro-Pro- 
Leu-Pro-X-Arg) in an adaptor or mediator protein in 
the signal transduction pathway through RAS. By 
binding, conformational and functional changes take 
place. The activity of the cellular SRC protein 
increases during normal and neoplastic mitoses. 
Protein p68, closely related to the GAP-associated 
p62, is bound to the SH3 domain of SRC. The SH3 
binding is specific in vivo, yet of low affinity. The 
human genome encodes about 250 SH3 domains 
(see Fig. S46). ►SH2, ►SRC, ►RAS, ►signal 
transduction, ►GAP; SH3 site detection: http://cbm. 
bio .uniroma2. it/SH3 -Hunter/. 
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Figure S46. Structure of the SH3 domain. From 
Aim E and Baker D 1999 Proc. Natl. Acad. Sci. USA 
96:11305 


Shade-Avoidance Syndrome: The shade-avoidance syn¬ 
drome of plants results in elongated stem, reduced 
leaf expansion, and accelerated flowering under 
reduced light. Several phytochrome genes mediate 
it. ►phytochrome, ►floral evocation; Cerdan PD, 
Chory J 2003 Nature [Lond] 423:881. 

Shadow Bands: Same as stutter band. 

Shadowing: An electronmicroscopic preparatory proce¬ 
dure by which the surface of the specimen is coated 
with a vaporized metal, such as platinum. The 
shadowed objects display a three-dimensional effect 
in scanning, but in some cases, even in transmission 
electronmicroscopy. ► scanning electronmicroscopy 

Shadowing, Phylogenetic: A cross-species base sequence 
comparison in order to find important functional, 
structural, and regulatory elements in different evolu¬ 
tionary categories. (See Boffelli D et al 2003 Science 
299:1391). 

Shah-Waardenburg Syndrome (SOX10/WS4, 22ql3; 
EDN3/ET3 20ql3.2-ql3.3): The Shah-Waardenburg 
Syndrome involves the endothelin-3 signaling path¬ 
way; it shows the combined symptoms of the 
Hirschsprung disease and the Waardenburg syn¬ 
drome. The embryonic neural crest appears to have 
recessive (EDN3) or dominant (SOX 10) defects. 
►Hirschsprung disease, ►Waardenburg syndrome, 
► endothelin, ►RET oncogene, ►SOX; Touraine RL 
et al 2000 Am J Hum Genet 66:1496. 

Shaking (shak): Alleles at several chromosomal loca¬ 
tions in Drosophila cause shaking of the legs under 
anesthesia to a variable degree, depending on the 
locus and allele involved. Some mutants may display 


hyperactive behavior in a temperature-dependent 
manner. Some may be viable, while others are 
homozygous lethals. The shakB mutants may cause 
a defect in the synapse between the giant fiber neuron, 
postsynaptic intemeuron, the dorsal longitudinal 
muscle, and the nerves operating the tergotrochanter 
(back-neck) muscle (see illustrations at ► Drosophi¬ 
la ). The shaking may be caused by a defect in a 
protein of a potassium ion channel, ►ion channel 

Shannon-Weaver Index: ►diversity 

Shark Cartilage: Sharks, mainly sea-inhabiting cartilagi¬ 
nous fishes, are presumably rarely afflicted by tumors. 
The prevailing assumption was that their cartilage 
protects from cancer. Experimental evidence— 
contrary to some early studies—indicates, however, 
that shark cartilage products are ineffective against 
advanced cancer (Loprinzi CL et al 2005 Cancer 
104:176). 

SHARP (SMRT and histone deacetylase-associated 
repressor protein): A regulator of PPAR. ►PPAR, 
► SMRT; Shi Y et al 2002 Proc Natl Acad Sci USA 
99:2613. 

Shasta Daisy (Chrysanthemum maximum): An orna¬ 
mental plant; 2n ~ 90 (see Fig. S47). 



Figure S47. Shasta daisy 


SHC: An adaptor protein involved in RAS-dependent 
MAP kinase activation after stimulation by insulin, 
epidermal (EGF), nerve (NGF), platelet derived 
growth factor (PDGF), interleukins (IL-2,-3,-5), 
erythropoietin and granulocyte/macrophage colony- 
stimulating growth factor (CSF), and lymphocyte 
antigen receptors. It binds to tyrosine-phosphorylated 
receptors and when phosphorylated at tyrosine it 
interacts with the SH2 domain of Grb2, which inter¬ 
acts with SOS in the RAS signal transduction path¬ 
way. The phosphotyrosine-binding (PTB) domain can 
also recognize the tyrosine-phosphorylated protein. 
The latter is similar to the pleckstrin homology domain 
and most likely binds the acidic phospholipids of 
the cell membrane. SHC is also an oncogene, involved 
in the development of phaeochromocytoma neopla¬ 
sias. ► signal transduction, ►phaeochromocytoma, 
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► adenomatosis endocrine multiple, ►neoplasia, ►in¬ 
sulin, ►EGF, ►NGF, ►PDGF, ►SOS, ►interleukins, 

► CSF, ►pleckstrin domain; Ravichandran KS 2001 
Oncogene 20:6322. 

Shearing: Cutting DNA to fragments by mechanical 
means, e.g., by rapid stirring or brusque pipetting. 

Sheats: Any tube-like structure surrounding another, 
also the part of a leaf that wraps the stem. 

Sheep, Domesticated {Ovis aries ): 2n = 54; some wild 
sheep have higher number of chromosomes. A 
medium-density linkage map of 1062 unique loci 
became available by 2001 and has helped in mapping 
the cattle and goat genomes (Maddox JF et al 2001 
Genome Res 11:1275; Cockett NE et al 2001 Physiol 
Genomics 7:69; http://www.wool.com.au/FivePage. 
aspx?pageld=l 16#mainBody; http://www.angis.org. 
au/Databases/BIRX/mis/; http ://www.ncbi.nlm.nih. 
gov/genome/guide/sheep) . 

Sheep Hybrids: Domesticated sheep {Ovis aries , 2n = 54) 
forms fertile hybrids with muflons but the goat x sheep 
hybrid embryos rarely develop normally, ►transplan¬ 
tation nuclear; Ruffing NA 1993 Biol Reprod 49:1260. 

Sheldon-Hall Syndrome (distal arthgrogryposis): 
►Freeman-Sheldon syndrome 

Shelterin: ►telosome 

Sherman Paradox: The various recurrence risks among 
relatives caused by expansion of fragile X sites 
transmitted by non-symptomatic males, ►mental 
retardation, ►recurrence risk, ►fragile X, ►trinucle¬ 
otide repeats; Sherman SF et al 1985 Hum Genet 
69:289; Fu YH et al 1991 Cell 67:1047. 

Shift: An internal chromosomal segment, generated by 
two break points, translocated within the same or into 
another chromosome, within a gap opened by a single 
break. It is a rare phenomenon. Shifting of the relative 
proportion of mitochondrial recombination products 
commonly occurs in plants, ►transposition, ►recip¬ 
rocal interchange, ►translocation 

Shifting-Balance Theory of Evolution: According to the 
Shiftin-balance theory of evolution, polymorphism in 
a population is determined by a dynamic interplay of 
the forces of pleiotropy, epistasis, genotypic values, 
fitness, and population structure. Alternative ideas 
would be the discredited neo-Famarckian internal 
drive or the well-documented neutral mutation 
concepts, ►polymorphism, ►pleiotropy, ►genotype, 

► fitness, ►neo-Famarckism, ►neutral mutation, 
►population structure; Wade MJ, Goodnight CJ 
1991 Science 253:1015. 

Shigella: A group of gram-negative enterobacteria 
causing dysentery (intestinal inflammation and 


diarrhea) in humans and higher monkeys. Butyrate 
treatment effectively mitigates shigellosis by up- 
regulation of a natural antibiotic (FF-37/cathelicidin) 
in the intestinal epithelium (Raquib R et al 2006 Proc 
Natl Acad Sci USA 103:9178). ►primates; database: 
http://www.mgc.ac.cn/ShiBASE/. 

Shikimic Acid: An intermediate in aromatic amino acid-, 
flavonoid-, fragrance-, alkaloid- and plant pigment 
biosynthesis (see Fig. S48). 


O 

II 

C-OH 



Figure S48. Shikimic acid 


Shine-Dalgarno Sequence: Nucleotide consensus 
(AGGAGG) in the non-translated 5' region of the 
prokaryotic mRNA (close to the translation initiation 
codon), complementary to the binding sites of the 
ribosomes. The terminus of the 16S ribosomal RNA 
is generally: 

A Me2 A Me2 CCUGCGGUUGGAUGA CCUCC - 
UUA-3'-0H. The eukaryotic mRNAs do not have 
this sequence and the mRNA attaches to the 
ribosomes by means of ribosomal scanning. In the 
polycistronic messages, each cistron generally has a 
Shine-Dalgarno sequence. Mitochondrial and ribo¬ 
some mRNAs, generally but not always, have this or 
a modified Shine-Dalgarno. ►anti-Shine-Dalgarno, 
►ribosome scanning, ►IF, ►initiationcodon, ►poly¬ 
cistronic mRNA; Shultzaberger RK et al 2001 J Mol 
Biol 313:215. 

Shingles: The herpes (varicella-zooster) virus responsi¬ 
ble for chicken pox may emerge from a latent stage, 
later in the life of an individual when immunity has 
waned. It then causes shingles (sore eruptions) in 
parts of the body innervated by ganglions harboring 
the earlier latent virus (see Fig. S49). About 20% of 
adults become affected. Chickenpox is highly 
contagious but shingles are transmitted only from 
the open eruptions and not by sneezing or casual 
contact and the risk of infection is very low. Hand 
washing is helpful to prevent infection from afflicted 
individuals. Guanosine analogs (acyclovir) are com¬ 
monly used for treatment, which interfere with 
replication by viral DNA or RNA polymerases (see 
Fig. S50). ►herpes, ►chickenpox, ►Varicella zoos- 
ter virus, ►ganglion; Dwyer DE, Cunningham AF 
2002 Med J Austral 177(5):267; vaccine: Vazquez M 
et al 2005 N Engl J Med 352:439. 
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Figure S49. Shingles 
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Figure S50. Acydovir 


Short Dispersed Repeats: ►SDR 

Short Patch Repair: An excision repair removing, and 
then replacing, about 20 nucleotides. ►DNA repair, 
► excision repair, ►mismatch repair; Mansour CA 
et al 2001 Mutat Res 485:331. 

Short RNA (sRNA): ►microRNA, ►RNAi 

SHORT Syndrome: An autosomal recessive phenotype 
characterized by the initials of the SHORT acronym: 
short Stature, Hyperextensibility of joints and hernia, 
Ocular depression, Rieger anomaly (partial absence 
of teeth, anal stenosis [narrow anus], hypertelorism 
[increased distance between organs or parts], mental 
and bone deficiencies, and Teething delay), ►stature 
in humans, ►dwarfism, ►pseudoautosomal 

Shortstop Promoter: The shortstop promoter mediates 
the transcription of only some of the exons although 
some repeats within the exons may be expanded. 


SHIP: Inositol phosphatase with SH 2 domain. SHIP 
proteins in tyrosine phosphorylated form signal to 
hematopoiesis, cytokines, PTEN, etc. ►SH 2 , ►inosi¬ 
tol, ► cytokines, ►hematopoiesis, ►PTEN, ►ITIM; 
Rohrschneider LR et al 2000 Genes Dev 14:505. 

SHIRPA: A protocol for phenotypic characterization of 
mutation in mice (Rogers DC et al 1997 Mammalian 
Genome 8:711). 

SHIV: A simian immunodeficiency virus (SIV) engi¬ 
neered to carry an HIV coat protein and thus capable 
of infection of, and symptoms of AIDS in macaque 
monkeys. ►HIV, ►SIV, ►acquired immunodeficien¬ 
cy syndrome, ►primates 

SHMOOs: Mating projections in yeast. 

SHOM (sequencing by hybridization to oligonucleotide 
microchips): One of the automated (robotic) proce¬ 
dures developed for nucleotide sequence diagnostics. 
(See Yershov G et al 1996 Proc Natl Acad Sci USA 
93:4913; ►DNA chips, ►microarray hybridization). 

Shoot: The plant part(s) above ground or a branch of a 
stem. 

Shope Papilloma: A viral disease of rabbits causing 
nodules under the tongue. The double-stranded DNA 
virus of about 8 kbp has 49 mole percent G + C 
content, ►bovine papilloma 

Short-Day Plants: Short-day plants require generally 
less than 12-15 h daily illumination for flowering; at 
longer light periods they usually remain vegetative, 
►photoperiodism, ►long-day plants 


Shotgun Cloning: In shotgun cloning, the DNA of an 
entire genome is cloned without aiming at particular 
sequences. From the cloned array of DNA fragments 
(library), the sequences of interest may be identified 
by appropriate genetic probes, ►cloning, ►DNA 
probe, ►DNA library; Matsumoto S et al 1998 
Microbiol Immunol 42:15. 

Shotgun Sequencing: In shotgun sequencing, random 
samples of cloned DNA, e.g., the segments of a 
cosmid are sequenced at random. Whole-genome 
pairwise shotgun procedure sequences paired ends of 
cloned DNAs of varying sizes and fragmented them 
into a larger number of contigs ordered with the aid of 
high-power computers. If there are still gaps between 
the contigs those are filled in by “finishing.” The 
hierarchical shotgun sequencing procedure is based 
on mapped clones generated by BACs. The Double- 
barrel shotgun sequences the DNA from both ends. 
The short sequences are arranged into longer tracts 
by computers. The Full shotgun sequence indicates 
that the cloned inserts have been covered about 
8-10 times. Half shotgun coverage is only 4-5-fold 
random sequence. ►DNA sequencing, ►first-draft 
sequence, ►contig, ►completion, ►WGS, ►scaf¬ 
folds in genome sequencing, ►human genome, 
►genome projects; Bankier AT 2001 Methods 
Mol Biol 167:89; whole genome shotgun (WGS) pro¬ 
ducts: http://www.ncbi.nlm.nih.gov/projects/WGS/ 
WGSproj ectlist. cgi . 

Shoufflons: Clustered (generally 6 to 7) recombination/ 
inversion sites and a shoufflon-specific recombinase 
in bacteria. These elements determine the nature of 
the bacterial pili, thick rigid or thin pilus. A typical 
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shoufflon is plasmid R64, a 120.8 kb conjugative 
plasmid encoding streptomycin and tetracycline 
resistance and at least 49 genes in the 54 kb transfer 
region. Various types of shoufflons occur in dif¬ 
ferent bacteria. ► site-specific recombination, ►pilus; 
Komano T 1999 Annu Rev Genet 33:171. 

SHP-1 (synonymous with SH-PTP1, PTP1C, HCP): 
Tyrosine phosphatase; it contains the SRC homology 
domain SH2. Upon activation of T cells, it binds 
to the kinase ZAP-70 resulting in increased phospha¬ 
tase activity but in a decrease in ZAP-70 kinase 
activity. It is a negative regulator of the T cell antigen 
receptor. It is activated by radiation stress. ►T cell, 
►ZAP-70, ►ITIM; Kosugi A et al 2001 Immunity 
14:669. 

Shprintzen-Goldberg Syndrome: ►Marfanoid syn¬ 
dromes 

SHREC: A multienzyme effector complex, which reg¬ 
ulates nucleosome positioning to assemble higher- 
order chromatin structures critical for heterochromatin 
functions and gene silencing (Sugiyama T et al 2007 
Cell 128:491). 

Shrew: The smallest insectivorous mammals; Blarina 
brevicauda , 2n = 50; Cryptotis parva , 2n = 52; 
Neomys fodiens , 2n = 52; Notiosorex crawfordi , 
2n = 68; Sorex caecutiens , 2n = 42; Suncus murinus , 
2n = 40; Tupaia belangeri tree shrew, 2n = 62 (see 
Fig. S51). 



Figure S51. Tree shrew 


Shrinkage: Shrinkage occurs when multiple regression 
data are applied to new information and the regression 
decreases, ►correlation, ►multiple regression 

shRNA (short heterochromatic RNA): shRNA is 
instrumental in the formation of heterochromatin 
and the epigenetic remodeling of chromatin, ►het¬ 
erochromatin, ► epigenesis, ►RNAi; Jenuwein T 
2002 Science 297:2215. 

shRNA (short hairpin RNA): shRNA can be used for 
global identification of genes involved in certain 
functional pathways by blocking their expression 


(Moffat J et al 2006 Cell 124:1283). By intravenous 
infusion of 49 Adeno-associated virus vectors carry¬ 
ing different shRNAs, 36 caused dose-dependent liver 
injuries and 23 caused death in adult mice. Liver- 
derived microRNA pathway was down-regulated by 
nuclear karyopherin/exportin-5. (Grimm D et al 2006 
Nature [Lond] 441:537). Reversible gene inactivation 
was attained by expression of an insulin receptor 
(frzsrj-specific shRNA. Upon induction by doxycy- 
cline, mice developed severe hyperglycemia within 
seven days. The onset and progression of the disease 
correlates with the concentration of doxycycline, and 
the phenotype returns to the baseline, shortly after the 
withdrawal of the inductor doxycycline (Seibler J et al 
2007 Nucleic Acids Res 35(7):e54). ►RNAi, 
►microRNA, ►karyopherin; Paddison PJ 2002 
Genes Dev 8:948. 

sHsp (small heat-shock proteins): Diverse ubiquitous 
proteins (15-80 kDa) formed in response to heat or 
other stress. Their transcriptional activation requires 
three inverted repeats of NNGAAN motif (HSE) 
where the heat shock transcription factor (HSF) binds. 
Their regulation may require other factors (e.g., 
estrogen, ecdysterone, etc.). The homology among 
the different types resides in the COOH-terminal half 
(a-crystalline domain). They may form large oligo¬ 
mers. Their role is heat and chemical protection of 
cells. Plant sHPS chaperones respond to various 
stresses to resist irreversible protein denaturation. 
►heat-shock proteins, ►ibp; Haley DA et al 2000 J 
Mol Biol 298:261. 

Shuffling: ►DNA shuffling 

Shufflon: A region in the chromosome with structural 
rearrangements. 

Shugoshin: The shugoshin cohesin keeps sister chro¬ 
matids together during anaphase I of meiosis. At 
meiosis I, Rec8, which replaces SCC1/RAD21 in 
meiosis, mediates the separation of the chromatids in 
the chromosome arms but keeps cohesion intact 
around the centromere until meiosis II. In yeast and 
probably in other eukaryotes as well, shugoshin 
protects the separation of chromatids from separase 
cleavage in meiosis I. Shugoshin is associated with 
serine/threonine protein phosphatase 2A (PP2A) 
protein in humans. Shugoshin and PP2A protect the 
separation of chromatids at the centromere. Shugosin 
probably dephosphprylates cohesin and protects se¬ 
paration at the centromere (see Fig. S52). ►meiosis I, 
►meiosis II, ►cohesin, ►separin; Kitajima TS et al 
2006 Nature [Lond] 441:46; Riedel CG et al 2006 
Nature [Lond] 441:53. 
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Figure S52. Sister chromatids separated at the 
centromere 


Shunting: In shunting, during scanning the 40S 
ribosomal subunit jumps from the region of capture 
of the mRNA at the 5' m7 GpppN cap or at another 
sequence until it locates the translation initiation 
codon. Thus, the ribosome bypasses the 5' leader. For 
efficient translation of the mRNA with an internal 
ribosomal entry site (IRES), the homeodomain 
protein Gtx translated from IRES and a 9 to 7 
nucleotide long sequence complementary to a site in 
the 18S eukaryotic ribosomal subunit was necessary 
(Chappell SA et al 2004 Proc Natl Acad Sci USA 
101:9590). The presence of the Gtx translation 
element and the complementary 8 nucleotide se¬ 
quence facilitates shunting even across an upstream 
uAUG codon in the leader and across a hairpin 
structure in the leader (Chappell SA et al 2006 Proc 
Natl Acad Sci USA 103:9488). ►scanning, ►trans¬ 
lational hopping, ►IRES, ►leader sequence, ►Cap 

Shuttle Vector: A “promiscuous” plasmid that can carry 
genes to more than one organism and can propagate 
the genes in different cells, e.g., in Agrobacterium, 
E. coli , and plant cells, ►vectors, ►cloning vectors, 
►transformation genetic, ►promiscuous DNA; 
Perez-Arellano I et al 2001 Plasmid 46:106. 

Shwachman-Diamond Syndrome (Shwachman-Bodian- 
Diamond syndrome, 7ql 1): Pancreatic insufficiency, 
blood and bone abnormalities, and increased hema¬ 
tological cancer risk; probably recessive. The yeast 
ortholog, Sdol is critical for the release and recycling 
of the nucleolar shuttling factor Tif6 (ribosome 
biogenesis factor) from pre-60S ribosomes, a key 
step in 60S maturation and translational activation of 
ribosomes and its defect predisposes to bone marrow 
failure and leukemia (Menne TF et al 2007 Nature 
Genet 39:486). 

SI: The unit of absorbed dose (1 Joule/kg) of 
electromagnetic radiation; it is generally expressed 
in Gray (Gy) or Sievert (Sv = 1 rem) units. Earlier rad 
(=0.01 Gy) was used, ►r, ►rem, ►Gray, ►Sievert, 
► Curie, ►Becquerel 

Sialic Acid: An acidic sugar such as A-acetylneuraminate 
or A-glycolylneuroaminate; it is present in the gang- 
liosides (see Fig. S53). Polysialic acid is involved 


in cell and tissue type differentiation, learning, 
memory, and tumor biology. The synthesis is mediated 
by polysialyl transferase under the regulation of neural 
cell adhesion molecules. The recessive sialic acid 
storage diseases (e.g., Salla disease, 6ql4-ql5) involve 
hypotonia and cerebellar ataxia, while mental retarda¬ 
tion is caused by a family of anion/cation symporters. 



Figure S53. Sialic acid 


The enzyme CMP-sialic acid hydroxylase changes 
A-acetylneuraminic acid into A-glycolylneuraminic 
acid. This enzyme is active in all mammals, except 
humans, where the 6p22.3-p22.2 locus suffered a 
92-base deletion in the 5' region after the separation 
of humans from the primate lineage of evolution. 
Also, the human lineage—in contrast to that of 
chimpanzee—has only pseudogenes for the receptor 
(Siglec-Ll) of A-glycolneuraminate. ►gangliosides, 

► gangliosidoses, ►CAM, ►neuraminidase deficien¬ 
cy, ► fusogenic liposome, ►lysosomal storage dis¬ 
ease, ► symport, ►sphingolipids, ►cytidylic acid, 

► sialuria; Chou H-H et al 1998 Proc Natl Acad Sci 
USA 95:11751; Angata T et al 2002 J Biol Chem 
277:24466; Aula N et al 2000 Am J Hum Genet 2000 
67:832. 

Sialidase Deficiency: ►neuraminidase deficiency 

Sialidosis: ►neuraminidase deficiency 

Sialolipidosis: ►mucolipidosis IV 

Sialuria (9pl2-pll): Sialuria is caused by a semidomi¬ 
nant/recessive gene defective in the feedback- 
sensitivity of uridine diphosphate A-acetylglucosamine 
2-epimerase enzyme by cytidine monophoshphate- 
neuroaminic acid. The afflicted have defects in bone 
(dysostosis and psychomotor [movement and psychic 
activity]) development and infantile death may occur. 
Salla disease (6ql4-ql5) is a sialic acid storage disease 
with mental and psychomotor retardation, ►neuroa- 
minidase deficiency 
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Siamese Cat: A Siamese cat displays darker fur color at 
its extremities because during slow blood circulation, 
more pigment develops at specific locations of the 
body. This is due to the presence of a temperature- 
sensitive gene, similar to Himalayan rabbits and other 
animals. The pattern distribution is due to a transition 
mutation from G—>A in the 2nd exon of a tyrosinase 
gene, resulting in replacement of glycine by arginine 
(Lyons LA et al 2005 Anim Genet 36(2): 119). The 
mutant allele produces pigment at the lower tempera¬ 
ture of the extremities; it is thus a modification of 
albinism when pigment formation is absent in the 
entire body. Normal function of tyrosinase is required 
for the production of melanin, a pigment of fur color, 
►pigmentation of animals, ►Himalayan rabbit, 
►temperature-sensitive mutation, see Fig. S54. 



Figure S54. Siamese cat 

Sib: Same as sibling, ►full sib, ►half sib 

Sib Pair Method: ►affected-sib-pair method 

Sib TDT (s-TDT): A transmission disequilibrium test to 
detect genetic linkage/association on the basis of 
analysis of close genetic markers and disease among 
sibs. ►SDT; Spielman RS, Ewens WJ 1998 Am J 
Hum Genet 62:450. 

Sibling: Natural children of the same parents. ►As, 
►risk, ►genetic risk, ►genotypic risk ratio 

Sibling Species: Sibling species are morphologically 
very similar and frequently share habitat but they 
are reproductively isolated, ►species, ►speciation, 
► fertility 

Sibpal: A linkage analysis computer program for sib- 
pairs. ►sibling; Fann CS et al 1999 Genet Epidemiol 
17(Suppl. 1):S 151. 

Sibship: Natural brothers and sisters, ►kindred, ►sibpal 

SIC1: Cell cycle S-phase cyclin-dependent kinase 
(CDK, Cdc28-Clb) inhibitor. ►CDC34, ►CDCb, 


► cell cycle [START], ►mitotic exit, ►APC; Verma 
Ret al 2001 Mol Cell 8:439. 

Sickle-Cell Anemia: A human hereditary disease caused 
by homozygosity of a recessive mutation(s) or 
deletions in the hemoglobin p chain gene. Heterozy¬ 
gosity causes the sickle cell trait. Under low oxygen 
supply, the red blood cells lose their plump 
appearance and partially collapse into sickle or odd 
shapes because of the aggregation of the abnormal 
hemoglobin molecules (see Fig. S55). 

The disease is not absolutely fatal but crises may 
occur when the blood vessels are clogged. Complica¬ 
tions may arise due to poor blood circulation. In the 
classical form of the sickle cell disease, in the 
hemoglobin S a valine residue replaced a glutamine 
residue of the normal beta chain (hemoglobin A). In 
the hemoglobin C at the same position, a lysine 
replacement occurs, and this condition causes less 
severe clinical symptoms. Other forms, hemoglobin 
D and E are less common. This disease provided the 
first molecular evidence that mutation leads to amino 
acid replacement. Sickle cell anemia affects more 
than 2 million persons worldwide. About 10% the 
population of African descent in the USA are carriers 
(heterozygous) for this mutation and about 1/400 is 
afflicted with homozygosity at birth. In populations 
of European (except southern Europeans) descent, the 
frequency of this mutant gene is about 1/20 of that in 
Mediterraneans and Africans. The high frequency of 
the genetic condition in areas of the world with high 
infestation by malaria is correlated. The individuals 
without sickle cell anemia gene have about 2-3 
times higher chance to be infected by Plasmodium 
falciparum. The mutation is selectively advantageous 
by protecting heterozygotes against malaria. The 
globin gene cluster has been located to human 
chromosome lip 15. The order is 5'—yG—yA 
—5—P—3'. Correction of the defective allele is 
possible by transduction of the defective cells with 
retroviral or adenoviral vectors that can deliver the 
normal gene to the hematopoietic stem cells. 
However, these viral vectors may have deleterious 
consequences for the body. There is a problem of the 
low expression of the transgene. In a mouse model, 
embryonic stem cells containing the normal p A allele, 
when introduced into p s embryonic mouse blasto¬ 
cysts produced both types of globins indicating a 
promise that this approach may help in curing human 
p-thalassemia (Chang JC et al 2006 Proc Natl Acad 
Sci USA 103:1046). 

Another method is to introduce into the lympho- 
blastoid cells chimeric DNA-RNA oligonucleotides 
with a correction for the p s allele mutation, brought 
about through gene conversion in the target cells. This 
procedure may eventually be clinically applicable. 



Sickle Cell Trait 



Figure S55. Human red blood cells from a sickle cell anemia patient. Left: In the presence of normal oxygen supply, Right: 
At low oxygen supply. Normal red blood cells look like biconcave discs very similar to that at left here. The sickling cells are 
unable to hold oxygen and that condition is responsible for the disease. (Photographs are the courtesy of Cerami A, 
Manning JM 1971 Proc Natl Acad Sci USA 68:1180). At far right: Carriers or sufferers can be unambigously identified by 
electrophoretic separation of the blood protehomozygotes for the normal blood protein (A-A), sickle cell anemia (S-S), 
hemoglobin C (C-C). In the heterozygotes (A-S, S-C and A-C)—because of codominance—both types of parental 
proteins are detected. (From Edington GM, Lehman H 1954 Trans R Soc Trap Med Hyg 48:332) 


Another possible therapeutic approach involves 
correction of the defective P-globin mRNA by the 
similar (fetal) normal (anti-sickling) protein transcript 
using a transsplicing ribozyme and the generation of a 
normally functional transcript. When the hemoglobin 
a and p genes were knocked out of mouse and mated 
with animals transgenic for the human sickle cell 
gene, an animal model was generated for experimen¬ 
tation with this human disease. Attempts are being 
made to activate the silent fetal hemoglobin genes— 
by urea compounds—at later developmental stages in 
order to compensate for the defective adult hemoglo¬ 
bin. ►malaria, ►hemoglobin, ►thalassemia, ►sickle 
cell trait, ►genetic screening, ►viral vectors, ►gene 
therapy, ►gene conversion, ►ribozymes, ►transspli¬ 
cing, ► introns, ►SAD mouse; Pawliuk R et al 2001 
Science 294:2368; Vichinsky E 2002 Lancet 
360:629. 

Sickle Cell Trait: The sickle cell trait is due to 
heterozygosity of the recessive mutation in the gene 
controlling the p-chain of hemoglobin. Normally, 
these heterozygotes do not suffer from this condition 
but under low oxygen supply, e.g., at high elevations, 
adverse consequences may arise, ►sickle cell anemia, 
►hemoglobin 

Side-Arm Bridge: An attachment of chromatids resem¬ 
bling chiasma but actually only an anomaly in mitosis 
or meiosis, usually arising when chemicals or radiation 


disturb division (see Fig. S56). ►bridge, photo is the 
courtesy of Dr. BR Brinkley & WN Hittelman. 



Figure S56. Side-arm bridge 


Siderocyte Anemia (sideroblastic anemia): An anemia 
with erythrocytes containing non-hemoglobin iron; it 
may be controlled by either autosomal recessive or 
dominant or X- linked genes and based on defects in 
erythroid P-aminolevulinate synthase, ►anemia 

Siderophore: Iron transporter. Transformation into rice 
plants highly efficient siderophore system genes (for 
nicotinamine aminotransferase) from barley facil¬ 
itates iron uptake on alkalic soils and substantially 
improves growth (Takahashi M et al 2001 Nature 
Biotechnol 19:466). Mammals sequester excess iron 
into bacterial siderophores through the mediation of 
the host protein lipocalin 2. When the Toll receptor 
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senses infection and the system fights bacteria. This 
constitutes a novel means of innate immunity (Flo TH 
et al 2004 Nature [Lond] 432:917). ►immunity 
innate, ►Toll 

Siderosis: Iron overload in the bloodstream. 

SIE: STAT-inducible element. ►Jak-Stat pathway 

Siemens (SI): A unit of conductance; 1 Ampere/Volt in 
a tissue of 1 Ohm resistance. ►Ampere, ►Volt, 
► Ohm 

SIEVE TUBE: A plant food transporting tube-shape, 
tapered, long cells; they may be connected by sieve 
plates that hold them together. 

SIEVERT (Sv): The name for Sv (unit of absorbed dose 
equivalent [J/kg]) =100 rem = 1 Sv. It is commonly 
used for measuring the occupational radiation 
hazards, ►rem, ►Gray, ►rad, ►R 

SIGLECs (sialic acid recognizing Ig-superfamily lectins, 
19ql3.3): Immune inhibitory receptors with sialic 
acid ligands. During evolution, T cell Siglec expres¬ 
sion was largely lost from humans while it was 
retained in apes. This fact explains why human are 
more at risk by T-cell-mediated diseases, such as 
AIDS and hepatitis B and C, compared to apes 
(Nguyen DH et al 2006 Proc Natl Acad Sci USA 
103:7765). ►sialic acid, ►AIDS, ►hepatitis 

Sigma Factor: A subunit of DNA-dependent bacterial 
RNA polymerase, required for the initiation of 
transcription and for promoter selection. It has been 
reported that in Bacillus subtilis, the a factor alone is 
sufficient for melting the DNA around site -10 of the 
promoter (Hsu HH et al 2006 Cell 127:317). The 
documentation of this finding has been, however, 
questioned (Xin H 2006 Science 314:1669) and the 
paper was retracted (2007 Cell 128:211). ►open 
promoter complex, ►RNA polymerase, ►a 

Sigma Replication: ►rolling circle 

Sigma Virus of Drosophila: ►C0 2 sensitivity 

Sign Mutations: Frameshift mutations because an equal 
number base addition(s) (+) and deletion(s) (-) at the 
gene locus may restore the reading frame, although 
may not always restore normal function, ►frameshift 

Signal: A molecular determinant, emitted by an 
extracellular source, or by an intracellular organizer 
and is directed either to an adjacent tissue (vertical 
signal) or to adjacent cells of the same tissue (planar 
signal). The response to a signal frequently involves 
change in transcription. ► signal transduction; Camili 
A, Bassaler BL 2006 Science 311:1113. 

Signal End: ►immunoglobulins 

Signal Joint: ►signal end 


Signal Hypothesis: The signal hypothesis postulated 
that the signal peptide of the nascent polypeptide 
chain guides it to the endoplasmic reticulum (and 
to other) membranes where the signal peptidase 
cleaves it off, and subsequently the peptide chain is 
completed within the lumen of the membranes. It has 
now been validated for transport through bacterial cell 
membranes, mitochondria, plastids, peroxisomes, etc. 

► signal peptides, ►transit peptide, ►protein target¬ 
ing; Loureiro J et al 2006 Nature [Lond] 441:894. 

Signal-Noise Ratio: The signal-noise ratio determines 
the sensitivity of an instrument or procedure to detect 
the presence or the function of a molecule in a reliable 
manner. 

Signal Peptidase: ►signal hypothesis 

Signal Peptides (signal sequence): 15 to 35-amino acid 
long sequences generally occurring at the NH 2 
terminus of the nascent polypeptide chains of proteins 
that have a destination for an intra-organellar or 
transmembrane location. They are made in eukar¬ 
yotes and prokaryotes but not all the secreted proteins 
possess signal peptides. At the beginning of the 
sequence, generally there are one or more positively 
charged amino acids, followed by a tract of hydro- 
phobic amino acid residues that occupy about three- 
fourth of the length of the chain. This hydrophobic 
region may be required to pass into the lipoprotein 
membrane. The amino acid sequences among the 
various signal peptides are not conserved, indicating 
that the secondary structure is critical for recognition 
by the signal peptide recognition particles and for the 
function within the membrane. The eukaryotic signal 
sequences are recognized by the prokaryotic transport 
systems and the prokaryotic signal peptides can 
function in eukaryotes. After the passage of the 
nascent peptide has started the signal, peptides are 
split off by peptidases on the carboxyl end of 
(generally) glycine, alanine, and serine. Consequent¬ 
ly, the majority of the proteins in the membrane or 
transported through the membranes, have the nearest 
downstream neighbor in one of these three amino 
acids at the amino end. One major characteristic of the 
signal peptide is the co-transcriptional targeting, 
whereas the transit peptides are targeted posttransla- 
tionally. The signal sequences may show polymor¬ 
phism that might result in incorrect targeting. ► signal 
sequence recognition particle, ►transit peptide, 

► leader peptide, ►endoplasmic reticulum; von 
HeijneGetal 1989Eur JBiochem 180:535; Watanabe 
N et al 2001 J Biol Chem 276:20474; transmembrane 
and signal peptide server: http://phobius.cgb.ki.se/. 

Signal Recognition Particle: ►signal sequence recogni¬ 
tion particle, ► SRP 
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Signal Sequence: The amino terminal of some proteins 
signals the cellular destination of these proteins, such 
as the signal peptides, ►signal peptide 

Signal Sequence Recognition Particle (SRP): In mam¬ 
mals, a complex of six proteins and an RNA (7SL 
RNA) that recognizes the SRP receptor protein on the 
surface of the endoplasmic reticulum and the signal 
peptides of the nascent proteins translated on the 
ribosomes associated with the endoplasmic reticulum 
(rough endoplasmic reticulum) and facilitate the 
transport of these polypeptides into the lumen of the 
Golgi apparatus and lysosomes (co-translational 
transport) (see Fig. S57). Signal recognition particle 
proteins have been located to human chromosomes, 
5q21, 15q22, 17q25 and 18. 



Figure S57. Schematic illustration of a signal recog¬ 
nition particle. The boxes represent the six proteins 
around the RNA. SRP9—SRP14 and SRP72— 
SRP68, respectively form dimeric structures. (Mod¬ 
ified after Weichenrieder O et al 2000 Nature [Lond] 
408:167) 

The SRP binds to the signal peptide after a about 
70-amino acid chain is completed at the beginning of 
translation. The polypeptide chain elongation is 
somewhat relaxed until the SRP attaches to the SRP 
receptor. Then, the SRP comes off the amino acid 
chain, elongation resumes its normal rate, and the 
entry of the chain through the membrane proceeds. In 
the meantime, a peptidase inside the endoplasmic 
reticulum cuts off the 15-30 amino acid long signal 
peptide sequences, ►lysosomes, ►Golgi, ►signal 
peptides, ►protein synthesis, ►signal sequence 
particle, ►RNA7S, ►protein targeting, ►translocon, 
►translocase, ►TRAM, ►protein conducting chan¬ 
nel; Keenan RJ et al 2001 Annu Rev Biochem 
70:755; Fulga TA et al 2001 EMBO J 20:2338; Wild 
K et al 2001 Science 294:598; Hainzl T et al 2002 
Nature [Lond] 417:767; Pool MR et al 2002 Science 
297:1345; structure: Egea PF et al 2004 Nature 
[Lond] 427:215; structure of E. coli signal recogni¬ 
tion particle bound to ribosome: Schaffitzel C et al 
2006 Nature [Lond] 444:503; http://psyche.uthct. 
edu/dbs/SRPDB/SRPDB.html. 


Signal Transduction: A system of proteins transforming 
various stimuli into cellular responses. The process 
requires four major categories of elements: signals, 
receptors, adaptors, and effectors. 

Signals. The extracellular signals interact with cell 
membrane receptors (EGFR, FGFR) and subsequent¬ 
ly make contacts with intracellular target molecules to 
stimulate a cascade of events leading to the formation 
of effector molecules that switch genes on and off 
and control cellular differentiation in structure and 
time by regulating transcription. The signals are 
proteins, peptides, nucleotides, steroids, retinoids, fatty 
acids, hormones, gases (ethylene, nitric oxide, carbon 
monoxide), inorganic compounds, light, etc. The target 
cells accept the signals by special sensors, receptors. 
The receptors are generally specific proteins with high 
binding specificities and positioned on the cell surface 
or within the plasma membranes and thus readily 
accept the signal ligands. The receptors may be also 
inside the cells, and the ligands may have to pass the 
cell membranes to reach them. As a consequence of the 
binding, a cascade of events is triggered and eventually 
the instruction reaches the cell nucleus and the relevant 
genes. The paracrine signals are restricted in move¬ 
ment to the proper, a generally nearby, target. The nerve 
cells are communicating by synaptic signals. The 
endocrine hormone signals may affect also distant 
targets in the entire body. The neurotransmitters are 
activated through long circuits of the nervous system 
by electric impulses emitted by neurons in response to 
the environment. The travel of the electric signals 
through the neurons is very fast, may pass through 
meters per second. The neurotransmitters have only a 
few nanometers to pass and the process takes only a few 
milliseconds. The local concentration of the endocrine 
hormones is extremely low. In contrast, the neuro¬ 
transmitters may be quite concentrated at very small 
target area. The neurotransmitters also may very 
rapidly be removed either by re-absorption or by 
enzymatic hydrolysis. Generally, the hydrophobic 
signals persist longer in the cells than the hydrophilic 
ones. The membrane anchored growth factors and cell 
adhesion molecules are signaled through the juxtacrine 
mediators. 

Receptors. The target cells respond by receptor 
proteins. These receptors are endowed with specifi¬ 
cities regarding the signal they respond to. Also, the 
same signal may have different receptors in different¬ 
ly specialized cells. In addition, the interpretation and 
use of the signal within similar cells may vary. The 
signals may act also in a combinatorial manner: 
several signals together may be involved in the 
cellular decisions and influence the length and quality 
of the effect of a signal received. The various 
receptors, despite substantial chemical differences 
of the signals (e.g., cortisol, estrogen, progesteron, 














Signal Transduction 1811 


thyroid hormones, retinoic acid, vitamin D), may 
bind ligands that control through the signal transduc¬ 
tion path closely related and interchangeable up¬ 
stream DNA consensus elements, involved in the 
regulation of transcription of different genes. Steroid 
hormone receptors, after bound to cognate hormones, 
may activate the transcription of the so-called 
primary response genes. These proteins then repress 
the further transcription of the primary response 
genes and turn on the transcription of secondary 
response genes (►regulation of gene activity). 

Receptors can be (i) ion-channel or (ii) G-protein or 
(iii) enzyme-linked types. Group (i), also called 
transmitter-regulated ion channels, are involved in 
transmitting neuronal signals (►ion channels). Group 

(ii) receptors are transmembrane proteins of the so- 
called seven-membrane type (►seven-membrane 
proteins) associated with guanosine phosphate¬ 
binding G proteins (►G-proteins). 

When GTP is bound to the G-protein, a cascade of 
enzymes or other proteins may be activated or an ion 
channel may become more permeable. G-protein 
linked receptors represent a large family of proteins, 
more than 100 of which, have been already identified 
in a variety of eukaryotes. The receptors, generally 
monomeric and evolutionarily related proteins, 
respond to a variety of signals, such as hormones, 
mitogens, light, pheromones, etc. Activation of group 

(iii) receptors may directly or indirectly lead to the 
activation of enzymes. These three different types of 
signal transduction may not be entirely distinct 
because the function of the ion channels may interact 
with the pathways mediated through G-proteins and 
various kinases. Some of the receptors are protein 
tyrosine phosphatases (e.g., CD45 protein) and 
serine/threonine phosphatases residing within the 
membrane or in the cytosolic domain of transmem¬ 
brane proteins or in the cytosol. 

Pathways. Pathways may show a great variation 
depending on the signals and receptors involved. 
Ca 2+ is a general regulator. It may enter nerve cell 
terminals through voltage-gated Ca 2+ channels in the 
cell membranes and stimulates the secretion of 
neurotransmitters (►ion channels, ►voltage-gated 
ion channel). Alternatively, Ca 2+ may play a more 
general role by binding to G-protein linked receptors 
in the metabolism of inositol phospholipids, PIP 
(phospho-inositol phosphate), and PIP 2 (phosphoi- 
nositol bisphosphate). The specific trimeric 
G-protein, Gq is involved in the activation of 
phospholipase C-p, that is specific for phosphoinosi- 
tides, and splits PIP 2 into inositol triphosphates and 
diaglycerol. Hydrolysis of PIP 2 yields IP 3 (inositol 
1,4,5-triphosphate). The latter sets free calcium from 
the endoplasmic reticulum through IP 3 -gated chan¬ 
nels, ryanodine receptors (►ryanodine). Upon further 


phosphorylation, IP 3 may give rise to IP 4 (inositol 
1,3,4,5-tetrakisphosphate) that slowly yet steadily 
replenishes cytosolic calcium. The calcium level in 
the cytosol rises and subsides in very short bursts 
according to how phosphatidyl-inositols regulate it 
(calcium oscillations). These oscillations still may 
assure increased secretion of second messengers and 
spare the cell from a constant level of the toxic Ca 2+ in 
the cytosol. Besides pumping out Ca 2+ shielded in the 
endoplasmic reticulum, diaglycerol and eicosanoids 
(arachidonic acid) may be produced. 

Diaglycerol and the latter lipid derivatives may 
activate the Ca 2+ -dependent enzymes, serine/threo¬ 
nine kinases, which have key role in activating 
proteins that mediate signal transduction (►protein 
kinases). Protein kinase C may activate the cytosolic 
MAPK (mitogen activated protein kinase) by phos¬ 
phorylation and may phosphorylate a cytoplasmic 
inhibitor complex such as IkB + NF-kB. Thus, 
MAPK may phosphorylate DNA-binding proteins 
such as SRF (serum response factor) and Elk 
(member of the ETS oncoprotein family), sitting 
already at the upstream regulatory regions of a 
gene(s), such as the serum-response element (SRE). 
The phosphorylation then initiates transcription (►reg¬ 
ulation of gene activity). The released protein factor 
NF-kB may migrate to the nucleus and, by binding to 
its cognate DNA site, sets into motion transcription (if 
other factors are also present). The response of the 
genes to the transducing signals depends on the number 
of regulatory proteins responding to the signal. 
Monomolecular reactions display relatively slow 
response to the concentration of the signal molecules, 
whereas if the number of effectors is multiple, the 
reaction to them may follow 3rd or multiple order 
kinetics. Similarly, prompt response is expected if the 
signal activates one reaction (e.g., phosphorylation) 
and at the same time deactivates an inhibitor or 
suppressor (e.g., by phosphatase action). 

The enzyme-linked signal receptors do not need 
G-proteins. The transmembrane receptor binds the 
ligand at the cell surface and the cytosolic domain 
functions as an enzyme or it associates with an enzyme 
and the transfer of the signal to the cell nucleus is more 
direct. An example is the cytokine-activated cell 
membrane receptor Jak tyrosine kinases , which when 
dimerize, can combine with cytoplasmic STATs (sig¬ 
nal transducers and activators of transcription) and 
chromosomal responsive elements. In response of 
interferon or other cytokine signals, the JAK phos- 
phorylates tyrosine of the SH2 domains in a variety of 
STAT proteins. This may be followed by dimerization 
and the transfer of these proteins to the nucleus where 
they may turn on transcription of particular genes (see 
Fig. S58). It has been estimated that about 1% of the 
human genes code for protein kinases. 
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Figure S58. The JAK-STATsignal transduction pathway, based on interferon (IFN)-mediated receptors. JAK is a family of 
the Janus tyrosine protein kinase proteins, and STATstands for signal transducer and activator of transcription. When the 
ligand binds to the signal-transducing receptors (ST), the receptor-attached JAK kinases modify the STATproteins. After 
dimerization (using SH2 domains), they are transported directly to ISRE (interferon-a-response element) or to GAS 
(y-interferon activation site) In the chromosomal DNA.These two elements vary, yet consensus sequences exist (as 
shown in the diagram). The 84, 91,113, and 48 are proteins (in kDa), but additional ones may also be involved, depending 
on the nature of the signals received. The diagram does not display IFNGR1 and IIFNGR2 integral membrane proteins, 
which are also essential parts of the y-receptor. (After Darnell JE Jr., et al. 1994. Science 264:14125 and Heim MH et al. 
1995. Science 267:1347.) 


In case of autophosphorylation or other reactions 
involving enzymes, which may bind their own 
products, the activity of the enzyme may be increased 
in the course of time with the increase of the number 
of product molecules, through a positive feedback. 

These kinases may be mainly either serine/threo¬ 
nine or tyrosine kinases. Some proteins may phos- 
phorylate all three of these amino acids. The reliance 
on protein tyrosine kinases for signal transduction is 
rather general. Epidermal growth factor (EGF), nerve 
growth factor (NGF), fibroblast growth factor (FGF), 
hepatocyte growth factor (HGF), insulin, insulin-like 
growth factor (IGF), vascular endothelial growth 
factor (VEGF), platelet-derived growth factor 
(PDGF), macrophage colony stimulating factor 
(M-CSF), etc., function with the assistance of 
transmembrane receptor tyrosine kinases. Upon the 
arrival of the ligand (signal), the receptor is dimerized 
either by cross-linking two receptors by the dimeric 
ligand or by inducing autophosphorylation and 
linkage of two cytosolic domains of the receptors. 
The different phosphorylated sites may bind different 
cytoplasmic proteins. The insulin itself is a tetramer 
(aapp) and thus does not need dimerization. 
After autophosphorylation, it phosphorylates an 


insulin receptor (IRS-1) at tyrosine sites and that 
may bind to other proteins, which also may become 
phosphorylated and may form different complexes, 
thus, generating a variety of transcription factors. 
Alternatively, the tyrosine kinase-associated recep¬ 
tors themselves are not tyrosine kinases but associate 
with proteins of this capability. Some of the enzyme- 
linked receptors are serine/threonine kinases with 
specificities for these two amino acids. The phos¬ 
phorylated tyrosine residues are binding sites for 
proteins with SH2 domains. The receptor tyrosine 
phosphatases may activate or inhibit the signal 
pathways by the removal of phosphate from tyrosine 
residues. The receptor guanylate (guanylyl) cyclases 
operate in the cytosolic domain of the receptors and 
function by serine/threonine phosphorylation in 
association with trimeric G-proteins. Within the last 
decade, discoveries about signal transduction have 
changed the views about cellular functions and added 
a new dimension to biology by integrating reversed 
and classical genetics. The signal transduction 
mechanisms have a large variety of means to regulate 
diverse functions of metabolism, differentiation, and 
development (see Fig. S59). The different signaling 
molecules are organized into separate pathways. The 
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different protein components appear to be regulated 
and coordinated into signaling complexes by SH, 
pleckstrin-homology, phosphotyrosine, and PDZ 
(post-synaptic density, disclarge, zo-1) protein domains 
through protein-protein interactions. 


Signal 



Figure S59. A signal transduction pathway leading 
through the G-protein RAS. This pathway controls cell 
division, differentiation, development of cancer, mating 
type, cell wall biosynthesis, and a variety of other 
processes. The signal can be a variety of molecules 
such as epidermal growth factor (EGF), nerve growth 
factor (NGF) or their homologs in various other animals 
such as LET-23 in Caenorhabditis or DER in Drosophila 
the RAS-mediated pathway operates also in fungi and 
plants. The process begins with the (mitogen) signal 
arriving to the double membrane of the cell (see at 12 
O’clock). The signal is recognized by a signal receptor 
protein, which may vary from signal to signal. This is a 
transmembrane protein with a hydrophobictractforming 
generally seven turns within the cell membrane. When 
the signal arrives, the receptor is activated. The protein 
tyrosine kinase receptors (e.g., SEV) recruit then the 
down-stream receptor kinases or adaptor proteins such 
as GRB (or homologs e.g., SEM-5 in Caenorhabditis, 
DRK in Drosophila). The GRB proteins have an SH2 
domain, which is a binding site for tyrosine kinase 
proteins and the SH3 domains are binding sites for 
proline-rich motif proteins. The SH domains were 
originally identified in the SRC protein (product of the 
Rous sarcoma oncoprotein) and both are characteristic 
for mediators of the signal transduction path. The GRB 
protein then binds another mediator or adaptor protein, 
SOS (named after the product of a Drosophila gene, 
called son of sevenless). The sevenless gene encodes 
Rhabdomere seven light receptors in the eyes of the 
flies. In place of SOS, there may also be SHC (an 
oncoprotein of the phaeochromocytoma tumor of the 
adrenal medulla or in paraganglia and thus causing 
increased secretion of the hormones epinephrine and 
norepinephrine). Upon the influence of the GRB-SOS 


complex, the membrane-bound RAS G-protein (see at 3 
O’clock) becomes activated. The membrane associa¬ 
tion of RAS is mediated by a carboxy-terminal CAAX 
box, a signal for farnesylation, proteolysis and carbox- 
ymethylation and by the neighboring six lysine residues. 
RAS (named after rat sarcoma) is also a GTPase. The 
RAS serves as a turnstile for a series of processes. It is 
shut down when the situation is RAS*GDP (RAS 
guanosine diphosphate) and it opens when it becomes 
RAS*GTP (RAS-guanosine triphosphate). RAS activa¬ 
tion may be prevented by another gene, encoding a 
GTP-ase activating protein (GAP). The RAF protein (its 
homologs in budding yeast is STE11, and BYR 2 in 
fission yeast) is also membrane bound by a CAAX box. 
RAF is a Ser-Thr kinase and it phosphorylates, 
independently of RAS, also MEK, a protein of the 
extra-cellular signal regulated kinase (ERK) family. The 
extracellular regulators can be growth factors (e.g., 
EGF, NGF), receptor kinases and TPA (12-O-tetrade- 
canoyl-phorbol-13-acetate). MEK kinase (MEKK) is 
phosphorylated on Thr and Ser residues by RAF. 
Protein MAPK (mitogen-activated protein kinase) may 
be capable of autophosphorylation and it may be 
phosphorylated by the ERK family of kinases at Tyr 
and Thr residues. MAPK homologs are KSS, HOG-1, 
FUS3, SLT-2, SPK-1, SAPK (a stress activated kinase), 
FRS (FOS regulating kinase), etc. MAPK may then 
activate the FOS and JUN oncogene complex that is 
also known as the AP-1 heterodimeric transcription 
factor of mitogen-inducible genes. The RAS to MAPK 
route may branch downstream through several effector 
proteins and may control the transcription of several 
different genes. The specificity of activation depends on 
combinatorial arrangements of the effectors. (The size, 
shape or shading of the symbols is not intended to 
represent their structure.) 

Plant Signals. Plant signals are somewhat different 
from the signals in animals. The plant hormones, 
similarly to animal hormones, are signaling mole¬ 
cules but most of them—except the brassinosteroids 
—are very different molecules. In plants, light and 
temperature signals (photoperiodism, vernalization, 
phytochrome) are very important for growth and 
differentiation. Salicylicacid is a signaling molecule 
for defense genes, etc. In plants, signaling depends a 
great deal on positional cues. 

Several signal transduction pathways may be 
simultaneously operational within an organism and 
they may interact at various levels. In addition, the 
pathways and components may operate differently in 
different cellular compartments (e.g., plasma mem¬ 
brane, cytosol, nucleus, organelles). The cytoskeleton 
network may serve in various capacities to direct the 
flow of reactions through the signaling pathways. The 
current view is that signaling proteins translocate in 
the cytoplasm and bind in a reversible manner and 
dynamic fashion (soft-wired signaling concept). The 
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JAK-STAT: see more above 
RAS: see more above 

CREB: cAMP-response element-binding protein 

pCIP: p300/CBP/cointegrator-associated protein 

CBP: CREB-binding protein 

pCAF: chromatin assembly factor 

NcoA: nuclear receptor coactivator 

SRCI, TIF, SUG: nuclear coactivator proteins 

NR: nuclear receptors 

FIAT: histone acetyltransferase 

Besides the molecules shown and named, several other 

proteins may be involved. Some of the proteins are activated 

only after binding with their ligands. The size or shape of 

the structures shown does not reflect the actual nature of 

these molecules. 


Figure S60. Transactions inside the nucleus after the signals arrived 


earlier idea was that receptors and other signalling 
proteins occupy fixed positions in the cell and second 
messengers mediate the connections with aid diffu¬ 
sion (hard-wired signaling). As opposed to electric 
circuits, a model signal of transduction is that of a 
gradient of quantitative information propagated 
outwards throughout the dense protein network 
following an input through an individual receptor. 
A central maximum of information transfer can 
include the old canonical pathways but the propaga¬ 
tion throughout the signaling network may be in 
part stochastic and influenced by the local network 
composition. Although, large-scale, global static 
interaction maps are useful initially, these rarely 
recapitulate the often-transient connections of known 
signaling modules. Understanding signal transduc¬ 
tion from a network perspective allows an apprecia¬ 
tion of how variants of proteins (by mutation or 
concentration) within the network can lead to 
quantitatively different outputs. Thus, for diseases 
linked to disruption of particular signaling networks, 
comparison of QTLs with functional genomic RNAi 
screens of those networks synergistically provides a 
mechanistic insight into disease etiology. Sequencing 
of a large number of genes from breast and colorectal 
cancers (Sjoblom T et al 2006 Science 314:268), 
projected an average of 90 mutated genes per tumor, 
11 of which occurred at significant frequency, 
suggesting that many mutations are needed to attack 
the robust cell signaling network. It is logical that 
signal transduction and transcriptional machinery 
components are extremely common functional 
categories mutated in these cancers (Friedman A, 
Perrimon N 2007 Cell 128:225). 

The introduction of GFP labeling now facilitates 
the tracing of the signaling traffic. The interacting 


signals are usually expressed in a quantitatively 
variable manner. Understanding how different cells 
work under the control of the genetic potentials and 
the environment will be the most challenging task 
of the research on growth, differentiation, develop¬ 
ment, the nervous system, behavior, productivity, 
pathogenesis, evolution, etc. 

► G-proteins, ►diffusion, ►JAK-STAT pathway, 

► interferons, ►histidine kinase, ►regulation of gene 
activity, ►hormones, ►morphogenesis, ►AKAP79, 

► T cells, ►integrin, ►ciliary neutrotrophic factor, 

► adaptor proteins, ►morphogen, ►photomorpho¬ 
genesis, ►vernalization, ►photoperiodism, ►phyto¬ 
hormones, ► salicylic acid, ►host-pathogen 
relationship, ►signaling to translation, ►nuclear 
pore, ►SUG, ►TIF, ►TRIP, ►cell membranes, 
►PP2A, ►MPK, ►MPK phosphatase, ►MLK, 
►REM, ►GEF, ►CBP, ►GFP, ►cross-talk, ►arrest- 
in, ► desensitization, ►SMAD, ►NF-kB, ►genetic 
networks, and the other terms mentioned, ►feedback, 

► selector genes; http ://www. signaling-gateway, 
org; http://www.mshri.on.ca/pawson/research.html; 
Milligan G (ed) 1999 Signal transduction. A practical 
approach. Oxford University Press, New York; 
Morris AJ, Malbon CC 1999 Physiol Revs 79:1373; 
Hunter T 2000 Cell 100:113; Dohlman HG, Thomer 
JW 2001 Annu Rev Biochem 70:703; Heldin C-H 

2001 Stem Cells 19:295; review articles in 2001 
Nature [Lond] 413:186-230; Brivanlou AH, Darnell 
JE Jr 2002 Science 295:813; for newer reviews: 2002 
Science 296:1632 ff; Dorn GWII, Mochly D 2002 
Annu Rev Physiol 64:407; Emstrom GG, Chalfie M 

2002 Annu Rev Genet 36:411; Pires-daSilva A, 
Sommer RJ 2003 Nature Rev Genet 4:39; Pawson T, 
Nash P 2003 Science 300:445; signal transduction 
networks: Bhattacharyya RP et al 2006 Annu Rev 
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Biochem 75:655; signal transduction proteins: http:// 
www-wit.mcs.anl.gov/sentra; signaling database: 
http://www. signaling-gateway, org/molecule/ ; signals: 
http://www.grt.kyushu-u.ac.jp/spad/; http://www. 
gene-regulation.com/pub/databases.html; http://bibi 
serv.techfak.uni-bielefeld.de/stcdb/; prokaryotic sig¬ 
nal transduction proteins: http://compbio.mcs.anl. 
gov/sentra; microbial signal transduction database: 
http://genomics.oml.gov/mist. 

Signal Transfer Particle: PDGF associated with phos¬ 
pholipase C-y, phosphatidyl inositol 3-kinase, and 
the RAF protooncogene product regulates signaling, 
►platelet derived growth factor, ►phosphatidyl 
inositol kinase, ►RAF 

Signaling: The phosphorylation of enzymes mediated 
by second messengers leads to their activation 
through outfolding of the pseudosubstrate domains 
of the enzymes and thus opens the active sites for the 
tme substrate, ►signal transduction 

Signaling Molecule: A signaling molecule alerts cells to 
the behavior of other cells and environmental factors. 
► autoinduction 

Signaling to Translation: Signaling transduction is 
directed toward the 5'-untranslated region (UTR) 
and involves the translation of ribosomal proteins and 
elongation factors (eEFlA, eEF2). The target of the 
signals appears to be the 5'-terminal oligopyrimidine 
sequences (5'-TOP) and the UTR polypyrimidine 
tracts. Secondary structure formation with long UTRs 
may also be regulatory. Growth factors may phos- 
phorylate the eukaryotic initiation factor eIF4E- 
binding protein, 4E-BP-1, and cause its dissociation 
from eIF4E. In order that the translation would 
proceed, the initiation factors eIF4A, -4B, -4G, -4E 
attach to the methylguanine cap and the secondary 
structure of the RNA is untwisted by the helicase 
action of eIF4A. Phosphorylation by the p70 S6k 
kinase activates the S6 protein of the 40S ribosomal 
subunit, a process subject to enhancement by 
mitogens. This process is not a general requirement 
for translation, indicating that it affects only special 
genes with 5'-TOP and polypyrimidine tracts in 
their UTRs. Cycloheximide and puromycin are also 
involved in the phosphorylation of S6. Both of 
these phosphorylations are inhibited by rapamycin. 
►F506, ►P70 S6k , ►secondary structure, ►cyclohex¬ 
imide, ►puromycin, ►cap, ►regulation of gene 
activity, ►regulation of enzyme activity, ►protein 
synthesis, ► signal transduction; Wilson KF, Cerione 
RA 2000 Biol Chem 381 (5-6):357. 

Signalosome: A molecular complex transmitting vari¬ 
ous cues, ►signal transduction; Lyapina S et al 2001 


Science 292:1382; Zhang SQ et al 2000 Immunity 
12:301. 

Signature, Evolutionary: Within the various genomes 
(mammalian, mitochondrial, plants, prokaryotes, 
etc.), there appears to be a characteristic distribu¬ 
tion of dinucleotide sequences, which is different 
from that of the other species. This constitutes an 
evolutionary signature. (See Campbell A et al 1999 
Proc Natl Acad Sci USA 96:9184). 

Signature of a Molecule: The characteristic feature(s) 
convenient for identification. Discriminating 
sequences ofDNA, RNA, or the proteins of organisms 
may serve as signatures. Molecular signatures can 
predict the course of diseases (O’Shaughnessy JA 
2006 N Engl J Med 355:615). 

Signature-Tagged Mutagenesis (STM): The induction 
of mutation by the insertion of plasmids, transposable 
elements, or passengers of specially constructed vectors 
into the genetic material. An insertional mutagenesis 
system that uses transposons carrying unique DNA 
sequence tags—flanked by PCR-amplifiable short 
tracts—was developed for the isolation of bacterial 
virulence genes. Originally in a murine model of 
typhoid fever caused by Salmonella typhimurium , 
mutants with attenuated vimlence were revealed by use 
of tags that were present in the inoculum but not in 
bacteria recovered from infected mice (Hensel M et al 
1995 Science 269:400). ►targeting genes, ►vectors, 
►insertional mutation; Nelson RT et al 2001 Genetics 
157:935; Shea JE et al 2000 Curr Opin Microbiol 
3:451; Mazurkiewicz P et al 2006 Nature Rev Genet 
7:929. 

Significance Level: The significance level indicates the 
probability of error by rejecting a null hypothesis 
that is valid (Type I error, a) or accepting one that 
is not correct (Type II error, P). By convention, 
5% (*, significant), 1% (**, highly significant), and 
0.1% (***, very highly significant) levels are used 
most commonly. These are not sacrosanct limits. In 
field experiments with crops, the 5% level may be a 
satisfactory measure for comparative yields but even 
the 0.1% may not be acceptable for pharmaceutical 
tests because the chance of harming 1/1000 persons is 
unacceptable. In general experimental practice, levels 
above 5% and below 0.1% are not considered 
meaningful although they may have relevance for 
pharmacology, ►goodness of fit, ►Mest, ►probabil¬ 
ity, ►power of the test, ►inference 

Sign-Rl: A lectin, which captures microbial polysac¬ 
charides in the spleen and interacts with complement 
component Clq. ►lectins, ►complement 

SIL (short insert library): The SIL is generated by the 
restriction cleavage of gap-bridging clones (used in 
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the final stages of physical mapping) into 0.5 kb or 
smaller fragments to break up secondary structures 
of the DNA that complicate the determination of 
continuity in sequencing, ►chromosome walking, 
►physical mapping, ►restriction enzymes 

SILAC (stable isotope labeling by amino acid in cell 
culture): A proteomics technique used for separate 
identification of similar proteins in high performance 
liquid chromatography-mass spectrometry (Foster LJ 
et al 2003 Proc Natl Acad Sci USA 100:5813). 

Silencer: A negative regulatory element reducing 
transcription of the region involving the target genes. 
Their action bears similarity to the heterochromatic 
chromosomal regions, which reduce transcription of 
genes transposed to their vicinity. The Sir proteins 
may interact with the amino-terminal of histones 3 
and 4. Sir2 deacetylates histone H4 lysine 16 tail and 
mediates the synthesis of 0-acetyl-ADP-ribose. As a 
consequence, Sir2, Sir3, and Sir4 bind to the histone 
tail and mediate chromatin silencing (Liou G-G et al 
2005 Cell 121:515). Sir2 homotrimer is required 
for histone deacetylation and rDNA suppression, 
whereas telomere silencing requires the heterotri- 
meric complex of Sir2, Sir3, and Sir 4 (Cubizolles F 
et al 2006 Mol Cell 21:825). Silencing requires 
combination of a protein(s) and the site where 
silencing takes place. There is evidence that Sir- 
generated heterochromatinization interferes with the 
assembly of the components of the pre-initiation 
complex (Sekinger EA, Gross DS 2001 Cell 
105:403). Some evidence in yeast indicates that 
TFIIB, RNA polymerase II, and TFIIE occupancy is 
reduced by a silencer at downstream of the gene 
activator protein (Chen L, Widom J 2005 Cell 
120:37). For example, the MATa and MATa genes 
of yeast encode regulatory proteins that permit the 
expression of a and a mating types, respectively, of 
the haploid cells and the non-mating phenotype of 
the sporulation-deficient a/a diploid cells. When 
these genes are at the HMLa and HMRa sites, they are 
silenced until they are transposed to the MAT locus. 
The mating type switch is catalyzed by a cut mediated 
through HO endonuclease when the mating type 
alleles are at the MAT locus, but not at the HMLa and 
HMRa locations. This indicates that the silencing is 
under the dual control of the repressed domains, 
which appear to extend to 0.8 kb proximal to the 
centromere from HML-E and a silencer protein and a 
specific site. Inactivation of SIR2, SIR3 , and SIR4 
derepresses HML and HMR. These genes affect the 
telomeric position effect of other genes as well. SIR2, 
SIR3, and SIR4 are also involved in DNA repair and 
recombination in cooperation with the HDF1 locus of 
yeasts (a Ku homolog). Mutations at the amino 
terminus of the HISTONE 4 gene also have a similar 


effect. Over-expression of SIR2 causes its hypoace- 
tylation, while SIR3 mutations may alter the confor¬ 
mation of this histone bound to HMR. Loci HML and 
HMR both are flanked by HML-E and HML-I silencer 
elements. These silencers are similar to the autono¬ 
mously replicating elements of yeast that are involved 
in DNA synthesis and apparently also in silencing. 
HML-E is capable of repression only in the presence 
of HML-I and is 0.4 kb distal from HML-I (based on 
Loo, Rine 1994 Science 264:1768). HMR-E is a very 
potent silencer endowed with binding sites for ORC 
(origin recognition complex), Rapl (a suppressor 
of RAS-induced replication), and Abfl (another 
silencer) suppressors of the S phase of the cell cycle. 
Recent evidence indicates that transcriptional silenc¬ 
ing does not require DNA replication, although it 
seems to require some cell cycle events. Silencer 
elements are also present in animal and plant systems. 
In plants, when multiple copies of a gene are 
introduced into the genome by transformation, all or 
most copies of the gene are inactivated (trans¬ 
inactivation). The mechanism of this phenomenon 
is unclear. It has been suggested that when the level of 
a particular RNA is increased, a degradative process 
is initiated. This has been attributed to a defense 
mechanism, since the majority of plant viruses 
are RNA viruses. Some of the silencing appears, 
however, post-transcriptional. In fungi, silencing has 
been attributed to premeiotic methylation when 
multiple copies are present in cis position. This view 
is supported by the long-standing knowledge that 
the repetitive sequences of the heterochromatin 
are not expressed. Position effect has also been 
known as a type of silencing. The reversible type 
of paramutation can also be considered a transinacti¬ 
vation mechanism. Silencing of genes may be 
accomplished by moving the region of the intact 
chromosome toward the centromere (position effect). 
Transposition to the vicinity of heterochromatin may 
also result in silencing. Sirl protein is most common in 
the telomeric region of yeast chromosomes but it may 
be present also in the nucleolus. Sir3 and Sir4 normally 
are absent from the nucleolus, but are present in case 
Sir2 is mutant. The SIR2 homolog in mammalian cell is 
SIRT2, which controls caloric intake and thereby 
extends life span. Absence of SIRT6 in mammals 
results in genomic instability, autoimmune disease 
(lymphopenia), metabolic defects, and premature death 
as a consequence of deficiency in excision repair of 
DNA (Mostoslavsky R et al 2006 Cell 124:315). 

Although silencers have some similarities to 
insulators, the latter are different because they must 
be situated in between the enhancer and the target 
promoter. Unpaired DNA may cause meiotic silenc¬ 
ing in Neurospora. Hypermethylation of CpXpG 
nucleotides by chromomethylase 3 in Arabidopsis 
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silences the expression of some genes and its 
mutation restores wild phenotype to the epigenetical- 
ly silenced genes and reactivates retrotransposons. 
►targeting genes, ►enhancer, ►position effect, 
►mating type determination in yeast, ► Schizosac- 
charomycespombe , ►antisense technologies neuron- 
restrictive silencer factor, ►CREB, ►co-suppression, 
► quelling, ►epigene conversion, ►paramutation, 
►heterochromatin, ►dominant-negative mutation, 
►methylation of DNA, ►epigenesis, ►histone 
deacetylase, ►Ku, ►Hstlp, ►Abf, ►ORC, 
►RAP1, ►post-transcriptional gene silencing, 
►transcriptional gene silencing, ►RNAi, ►micro- 
RNA, ►HMLandHMR, ►nucleosome, ►chromatin 
remodeling, ►MSUC, ►telomeric silencing, ►loop¬ 
ing of DNA, ►insulator, ►methylation of DNA, 
►pre-initiation complex, ►sirtuin, ►PIC, ►ascus- 
dominant, ►DNA repair; Guareente L 1999 Nature 
Genet 23:281; Kirchmaier AL, Rine J 2001 Science 
291:646; Lindroth AM et al 2001 Science 292:2077; 
Sijen T et al 2001 Curr Biol 11:436; Ogboume S, 
Antalis TM 1998 Biochem J 331:1; Moazed D 2001 
Mol Cell 8:489; Mlotshwa S et al 2002 Plant Cell 14: 
S289; Beclin C et al 2002 Curr Biol 12:684; ShiuPKT, 
Metzenberg RL 2002 Genetics 161:1483; Meister G, 
Tuschl T 2004 Nature [Lond] 431:343; Talbert PB, 
Henikoff S 2006 Nature Rev Genet 7:793. 

Silene: ►Melandrium 

Silent Information Regulators: Silent information 
regulators are involved in the assembly of the silent 
chromatin domains, ►silencer; Moazed D et al 1997 
Proc Natl Acad Sci USA 94:2186. 

Silent Mutation: Base-pair substitution in DNA that 
does not involve amino acid replacement in protein 
and entails no change in function, ►mutation 

Silent Sites: Silent sites are where mutations in the 
DNA base sequence have no consequence for 
function, ►synonymous codons 

Silicon (Si): The second most abundant element (27.6%) 
in nature. Si occurs in quartz, sand, and sandstone, or 
as silicate, e.g., in kaolinite. Plants take up 0.1 to 10% 
of their dry weight as silicic acid (H 2 Si0 3 ) by using 
genetically determined silicon transporter proteins. 
It increases firmness of plant tissues and disease 
resistance (Ma JF et al 2006 Nature [Lond] 440:688). 
Silicons, organosilicon oxides polymers, are used in 
the laboratory as lubricants and seals. Silica gels are 
lustrous granules used for absorption and column 
chromatography. 

Siliconization: In siliconization, glassware used in 
genetic laboratories is treated in a vacuum by 
dichlorodimethylsilane in order to prevent DNA 
molecules sticking to the vessel, and resulting in loss 
of recovery. ►DNA extraction 


Silique: A typical fruit of cruciferous plants; two 
carpels, dehiscing at the base at maturity, enclose 
the placentae which sit in one row on each of the 
opposite sides of the replum. In Figure S61, the 
carpels were removed before maturity. 


Figure S61. Silique 


Silk Fibroin: A protein rich in glycine and alanine 
residues arranged largely in p sheets (P keratin). It is 
synthesized within the silk gland to protect the pupa. 
The pupa is called also chrysalis or cocoon. A fibroin 
gene is transcribed into about 10,000 long-life 
molecules of mRNA within a few days and they are 
translated several times into about a billion protein 
molecules. Each gland manufactures about 10 15 
fibroin molecules (300 pg) in four days. Actually, 
the gland is a single cell but it contains polytenic 
chromosomes and thus the fibroin locus is amplified 
about a million fold (10 9 x 10 6 = 10 15 fibroins). In 
spiders, there is great diversity and also conservation 
in the silk fibroin genes (Garb JE et al 2006 Science 
312:1762). Some of the spiders’ silks are tougher than 
that of silkworm and rival the best man-made fibers. 
The spider dragline silk, besides its outstanding 
tensile strength, has unrivalled torsional quality that 
stop the spider from twisting and swinging and 
thus makes the animal less conspicuous to predators 
(Emile O et al 2006 Nature [Lond] 440:621). 
Spider dragline silk can be synthesized in transgenic 
tobacco, potato plants, and also in transgenic mamma¬ 
lian cells, ►polytenic chromosomes, ►silk worm, 
►resilin; Vollrath F, Knight DP 2001 Nature [Lond] 
410:541; Scheller J et al 2001 Nature Biotechnol 
19:573; Lazaris A et al 2002 Science 295:472; Jin H-J, 
Kaplan DL 2003 Nature [Lond] 424:1057. 

Silk: The botanical term for the pistils of the maize 
female inflorescence (see Fig. S62). 



Figure S62. Maize female inflorescence 
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Silkworm (Bombyx mori, 2n = 56): One of the best- 
studied insects in genetics (see Fig. S63). There 
are about 1000 markers in the genetic map spacing at 
~2 cM. Its RAPD map (~2000 cM), includes ~1018 
markers scattered over all chromosomes. 


Silyl-Phosphite Chemistry: Silyl-phosphite chemistry is 
used in oligoribonucleotide synthesis. (See Agarwal S 
(Ed.) 1995 Methods in Molecular Biology. Humana, 
Totowa, New Jersey, p 81). 

Simian: Ape or monkey type, ►primates, ►hominidae 




Figure S63. Silkworm larva; at top (a) male (ZZ), at 
right ZW female (b); wild type Asian imagoes. The 
pattern varies in the different wild insects and also in 
the domesticated varieties 

About 91% of the genome of the domesticated 
silkworm has been sequenced and it contains 
~ 18,510 genes (Xia Q et al 2004 Science 
306:1397). Its genome contains a special type of 
transposable element, R2Bm, that is present also in 
some other insects. R2Bm has no long terminal 
repeats. It is inserted in the 28S rRNA genes only and 
encodes an integrase and a reverse transcriptase 
function within one protein molecule. The R2 protein 
nicks one of the DNA strands and uses it also as a 
primer to transcribe its RNA genome, which is then 
integrated as DNA-RNA heteroduplex. Subsequent¬ 
ly, a host polymerase synthesizes the second DNA 
strand. ►transposon, ►complete linkage, 

► autosexing, ►tetraploidy, ►polyhedrosis virus, 

► silk fibroin, ►RAPD, ►pheromone; EST database: 
Mita K et al 2003 Proc Natl Acad Sci USA 
100:14121; silkworm microsatellite database: 
http://210.212.212.7:9999/PHP/SILKS AT/index.php; 
http://www.cdfd.org.in/silksatdb; http://www.ab.au- 
tokyo. ac .jp/silkbase/ ; http:// silkworm.genomics.org.cn. 


Simian Crease: See ►Down’s syndrome for illustration. 
It can be rarely observed (1-4%) in normal infants but 
it is characteristic for human trisomy 21, De Lange, 
Aarskoog, and other syndromes. ►Down syndrome, 
►Aarskoog syndrome, ►De Lange syndrome 

Simian Sarcoma Virus (SSAV): A gibbon/ape leukemia 
retrovirus with a homologous element in human 
chromosome 18q21. The long terminal repeat (535 
bp) appears to contain transcriptional control and 
signal sequences. The human chronic lymphatic type 
leukemia seems to be associated with a break point of 
chromosome 18. ►leukemia 

Simian Virus 40: A eukaryotic virus of a molecular 
weight of 3.5 x 10 6 with double-stranded, super- 
coiled DNA genetic material of 5243 bp (see 
Fig. S64). The DNA is organized into a nucleosomal 
structure that does not have HI histone. The DNA 
around the nucleosome cores is 187 ± 11 bp and the 
cores are separated by 42 ± 39 bp linkers. The viral 
particles are skewed icosahedral capsids and have 72 
protein units. 





Silver Syndrome (Silver spastic paraplegia, SPG17, 
Ilql2-ql4): A neurodegenerative disease involving 
amyotrophy (muscle weakness) in the hands. Heredi¬ 
tary dominant spastic paraplegia is a highly variable 
disease and it is encoded in several other chromo¬ 
somes and locations, ►paraplegia, ►spastic paraple¬ 
gia, ►Berardinelli-Seip congenital lipodystrophy; 
Patel H et al 2001 Am J Hum Genet 69:209. 

Silver-Russel Syndrome: ►Russel-Silver syndrome 

Silverman-Handmaker Syndrome: ►dyssegmental 
dwarfism 


Figure S64. SV40 

In primates, the virus generally follows a lytic 
lifestyle and the virions multiply in the cytoplasm, 
i.e., primates are permissive hosts for replication. 
SV40 encodes microRNAs that protect to some 
extent against the host cytotoxic T cells (Sullivan CS 
et al 2005 Nature [Lond] 435:682). 

Occasionally, in humans the viral DNA integrates 
into the chromosomes. Such an event may lead 
to cancerous transformation. Rodent cells are non- 
permissive hosts for viral replication and the viral 
DNA integrates into the chromosomes leading to 
cancerous tumor formation. The correlation between 
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SV40 

^ Late transcripts ► 

72 bp 72 bp 21 bp 21 bp 22 bp 17A-Tbox 0 ri 

0 0 0 


Enhancer region Basal promoter region 


Early transcripts 


T3 T2 T1 binding sites 

for Tag 

The 72 bp domain contains GT, TC, SPH and P (polyoma) elements in a sequence illustrated 
below by the staggering (although they are next to each other in linear order that cannot be 
represented here because of shortage of space): 

GT II: 5'-GCTGTGGAATGT-3' 

GT I: 5'-GGTGTGGAAATG-3' 

TC I and TC II: 5'-TCCCCAG-3' 

SPH - II: 5'-AAGTATGCA-3' 

SPH - I: 5'-AAGCATGCA-3' 

P: 5'-TTAGTCA-3' 


Each tag binding motif has a 
minimum of two 5'-GAGGC-3' 
of this pentanucleotide 
consensus 


Figure S65. Organization of SV40 


SV40 infection and cancer has been questioned 
(Paulin DL, DeCaprio JA 2006 J Clin Oncol 
24:4356). The vims codes for early (t and T antigens) 
and late (VP1, 2, 3) viral proteins (see Fig. S65). 

The viral replication and transcription are bidirec¬ 
tional (see Fig. S66). In the non-permissive host, only 
the early genes are expressed that are needed for 
replication of the genetic material before integration, 
but there is no need for the coat proteins. The 
integration can take place at different sites, therefore 
it uses a mechanism of illegitimate recombination. 
The few integrated copies may be rearranged and may 
cause continued chromosomal rearrangement in 
the host. The infectious cycle spans about 70 h. The 
joint replication and transcriptional origin (on) area 
extends to about 300 bp and includes a rather 
sophisticated control system. The replication of the 
SV40 DNA begins at the 27 bp palindrome of the ori 
site that is adjacent to a region consisting of 17 A-T 
base pairs. Next to it, on the side of the late genes, 
there are three other units of 22, 21, and 21 GC-rich 
repeats that also promote replication, although are not 
absolutely essential to the process. The SPH elements 
have an overlapping octamer that is present in other 
eukaryotic genes as well. Several other sequence 
motifs are similar to those in other promoters. The 72 
elements include the 47 bp B and the shorter 29 bp A 
domains that are parts of the essential enhancer 
region. The A-T box is essentially a TATA box: 5'- 
TATTTAT-3'. For the start of replication, the large T 
has to bind to the Tag binding sites A. At the 
initiation, when low amounts of Tag are available, 
binding begins at the T1 site located at the pre-mRNA 
region (right of ori). As more Tag will become 
available, Tag binds to T2 and becomes an ATP- 
dependent helicase and with the cooperation of 



Figure S66. Gene and polypeptide map of SV40 



cellular proteins (DNA primase, polymerase, etc.), 
DNA replication proceeds. 

Transcription. For the function of ori in transcrip¬ 
tion the 17 bp A-T sequence is needed, although this 
TATA box does not affect the rate of transcription. 
The 21^>21<0>22^> sequences promote transcription 
and the two hexamers 5'-GGGCGG-3' within these 
elements are essential for transcription. Their orien¬ 
tation and inversion does not interfere with transcrip¬ 
tion. The 72 bp element of SV40 is a capable 
enhancer also for mammalian, amphibian, plant, and 
fission yeast genes. The natural host of SV40 is the 
rhesus monkey (Macaca mulatto). In the laboratory, 
the kidney cell cultures of the African green monkey 
(Cercopithecus aethiops) are used primarily for its 
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propagation. Single cells, each, may produce 100,000 
viral genomes after lysis. The general assumption is 
that SV40 does not cause human cancer, yet in many 
tumors its presence was detected by some labora¬ 
tories, but not by others. ►SX^IO vectors, ►COS cell, 

► CTL, ►microRNA; Butel JS, Ledniczky JA 1999 J 
Natl Cancer Inst 91(2): 119; see reviews in Semin 
Cancer Biol 2001 11:5-85; replication initiation 
complex: Simmons DT et al 2004 Nucleic Acids 
Res 32:1103; review of virus entry into mammalian 
cell: Damm EM, Pelkmans L 2006 Cell Microbiol 
8:1219. 

SimIBD: A computer procedure to assess affected- 
relative pair calculations. 

Similarity Index: ►character index 

SIM LINK: A simulation based computer program 
for estimating linkage information. ► SLINK, 

► simulation 

Simple Protein: Upon the hydrolysis of a simple protein, 
only amino acids are produced. 

Simple Sequence Length Polymorphism (SSLP): In 
SSLP, variations in microsatellite sequences can be 
used for DNA mapping. PCR primers are designed 
for the unique flanking sequences and their length can 
thus be determined in the PCR products, ►microsat¬ 
ellite, ►PCR; Cai W-W et al 2001 Nature Genet 
29:133. 

Simple Sequence Repeats (SSR): SSRs are common in 
genomes and can be used for mapping genes and for 
taxonomic studies. (See SSR primer tool: http://bioinfor 
matics.pbcbasc.latrobe.edu.au/ssrdiscovery.html). 

Simplesiomorphy: The primitive features retained during 
evolution. It is not very useful to trace evolutionary 
development, ►synapomorphy, ►homology 

Simplex: A polyploid having only a single dominant 
allele at a particular gene locus; the other alleles are 
recessive at the locus, ►duplex, ►triplex, ►quad- 
ruplex 

Simplexvirus: A member of the herpes family of viruses 
infecting humans and other mammals, ►herpes 

Simpson-Golabi-Behmel Syndrome (Simpson Dysmor- 
phia, SGBS): A human Xq26 (500 kilobase stretch) 
syndrome, encoding the GPC3 gene responsible for 
the synthesis of glypican (cell surface molecules 
of heparan sulphate proteoglycans), associated with 
the insulin-like growth factor (IGF2). Individuals 
afflicted by this condition are generally very tall, 
usually have facial anomalies, heart and kidney 
defects, cryptorchidism, hypospadia, hernias, and 
bone anomalies and show susceptibility to cancer. 


Many of the symptoms involving overgrowth are 
shared with the Beckwith-Wiedeman syndrome. 

► Beckwith-Wiedeman syndrome, ►IGF, see terms 
at corresponding entries. 

SIMS (secondary ions MS): A method for the production 
of intact molecular ions for mass spectrometry, ►mass 
spectrometer 

Simulation: The representation of a biological system 
by a mathematical model generated frequently by a 
computer program, ►modeling; http://www.nrcam. 
uchc.edu; ►Monte Carlo method 

Simulon: ►origon 

Sin3/RPD A repressor protein complex probably 
involved in chromatin remodeling by being recruited 
to histone deacetylase. It may be associated with 
SAP 18, SAP30, and the retinoblastoma binding 
protein. ►Mad, ►chromatin remodeling, ►histone 
deacetylase, ►NuRD; Brubaker K et al 2000 Cell 
103:655. 

SIN Vector (self-inactivating vector): The SIN vector 
has a deletion in the U3 element of the 3'-LTR of the 
retroviral construct, and after replication results in a 
deletion also in the 5'-LTR promoter and enhancer 
and prevents the transcription from the cell-specific 
internal promoter, which may otherwise activate 
silent cellular oncogenes. This happens because the 
viral polymerase enzyme uses the 3'-U3 as template 
for the replication of both 3'- and 5'-U3 sequences. A 
disadvantage of this construct is the generally slow 
replication. A high-efficiency heterologous promoter 
to enhance the expression of the transgene in the 
retroviral vector may also replace the deleted viral 
promoter, ►retroviral vector, ►double-copy vector, 

► E vector, ►gene therapy; Gatlin J et al 2001 Hum 
Gene Ther 12:1079. 

Sindbis Virus: A single-stranded RNA virus. 

sine: The ratio of the side opposite (a) to an acute angle 
(A) of a right triangle and the hypotenuse (c): a/c, sine 
of angle A. ►arcsine, ►angular transformation 

SINE: Short (~0.5 kbp) interspersed repetitive DNA 
sequences that may occur over 100,000 times in the 
mammalian genomes. The B1 SINE of mice is 130 to 
150 bp in length and constitutes nearly 1% of the 
genome; it is homologous to the human Alu 
sequences. The B2 SINE (~ 190 bp) constitutes about 
0.7% of the mouse genome but it apparently has no 
human homolog or its abundance is very low. In the 
dog genome, 3 to 5% of the genes have SINE 
insertions, may differ in the different breeds, and may 
be a major source of allelic differences (Wang W, 
Kirkness EF 2005 Genome Res 15:1798). RNA 
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polymerase III transcribes the B2 SINE elements into 
short sequences that are not translated. The mouse 
gene carries an active RNA polymerase II promoter 
and can support transcription by pol II (Ferrigno O 
et al 2001 Nature Genet 28:77). The SINE elements 
are retroposons, but lack reverse transcriptase 
function. SINE type elements occur in all eukaryotes, 
including birds, fungi, insects, and higher plants. 
They may be pseudogenes of small RNA genes. The 
SINE sequences can also be used for fingerprinting 
and evolutionary studies. These are remnants of 
ancient retroviral insertions but once they were 
inserted—because of the loss of the LTR [transpo- 
sase] function—they remained at the position of 
insertion, ►retroposons, ►transposable elements, 
► LINE, ►Alu family, ►DNA fingerprinting, ►re¬ 
verse transcriptase; Cantrell MA et al 2001 Genetics 
158:769; Weiner AM 2002 Curr Opin Cell Biol 
14:343. 

Singing Ability: The ability to sing has genetic 
determination and some of the “song genes” of birds 
have been mapped for expression in different parts of 
the brain. (See Marler P, Doupe AJ 2000 Proc Natl 
Acad Sci USA 97:2965). 

Single Burst Experiment: Virus-infected bacterial pop¬ 
ulation diluted and distributed into vessels in such a 
way that each vessel would contain a single infected 
bacterial cell. (See Ellis EL, Delbriick M 1939 J Gen 
Physiol 22:365). 

Single Cell Analytical Methods (chemical/physical): 
►MALDI/TOF/MS, ►FISH, ►immunocytochemis- 
try, ►immuno-electronmicroscopy, ►immunoelec- 
trophoresis, ►immuno-fluorescence, ►SMART; 
Cannon DM Jr et al 2000 Annu Rev Biophys Biomol 
Struct 29:239; Slepchenko BM et al 2002 Annu Rev 
Biophys Biomol Struct 31:423; Subkhankulova T, 
Livesey FJ 2006 Genome Biol 7:R18; Xie XS et al 
2006 Science 312:228. 

Single-Chain Fv Fragment: A monoclonal single heavy 
plus light chain immunoglobulin that can be encoded 
by a single transgene. Because of its single structure, 
it is a monovalent antibody in contrast to the common 
antibodies, which are divalent. It lacks effector 
function, ►antibody monovalent, ►antibody effector 
function, ►monoclonal antibody, ►ScFv, ►immu- 
nostimulatory DNA 

Single Copy Plasmids: ►plasmids 

Single Copy Sequence: DNA sequences containing non- 
redundant, genic portions. 

Single Cross: ►double cross 

Single-Feature Polymorphism: ►allele; Borevitz JO 
et al 2007 Proc Natl Acad Sci USA 104:12057. 


Single Gene Trait: A single gene trait is controlled by 
one gene locus, and shows monogenic inheritance. 

Single Nucleotide Polymorphism: ►SNIPS 

Single Strand Assimilation: A single strand displaces 
another homologous strand and then takes its place 
during a recombinational event, ►recombination 
molecular models 

Single Strand Binding Protein: A single strand binding 
protein binds to both separated single stands of DNA 
and thus stabilizes the open region to facilitate 
replication, repair, and recombination, ►recombina¬ 
tion molecular mechanisms, ►binding proteins; 
Witte G et al 2005 Nucleic Acids Res 33:1662. 

Single Strand Conformation Polymorphism (SSCP): In 
SSCP, when small deletions or even single base 
substitutions take place in one of the DNA strands of 
a gene locus, the alteration may be detectable by the 
electrophoretic mobility of the DNA in denaturing 
polyacrylamide gels. The two strands, the normal and 
the affected, may differ. If the individual is heterozy¬ 
gous for the amplified segment of the locus 
concerned, the electrophoretic analysis may indicate 
three or more band differences. In some cases, even 
the homozygotes may show multiple bands. With this 
method, nearly all of the alterations are detected in 
fragments of 200-300 bp. ►gel electrophoresis, 
►polymerase chain reaction, ►gene isolation, 
►DGGE, ►mutation detection, ►dideoxy finger¬ 
printing, ►MASDA; Orita M et al 1989 Proc Natl 
Acad Sci USA 86:2766. 

Single-End Invasion (SEI): A meiotic recombination 
intermediate during the transition from double-strand 
breaks to double-Holliday junction. SEIs are formed 
by strand exchange between one and then the other 
double strand. The appearance of SEI coincides with 
that of the synaptonemal complex. SEI is preceded by a 
nascent double-strand partner intermediate that differ¬ 
entiates into a crossover and a non-crossover type after 
the synaptonemal complex has formed. Strand ex¬ 
change occurs relatively late after synapsis and 
recombination may be avoided between homeologous 
and structurally rearranged partners. ►Holliday model, 
► synaptonemal complex, ►homeologous; Hunter N, 
KlecknerN 2001 Cell 106:59. 

Single-Feature Polymorphism (SPF): SPF reveals 
detailed information about the genomic variations 
between/among species or different accessions of a 
species. The genomic DNA is hybridized to an RNA 
expression platform (gene chip) and single-base 
differences prevent the hybridization of 25 mer 
probes. By such a procedure, 4000 SPFs were found 
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between the Columbia wild type and the Ler 
genotype Arabidopsis plants. On the basis of SPFs, 
gene map locations, including QTLs, can be readily 
identified. It can also reveal organizational differ¬ 
ences along the chromosomes, e.g., in centromeric or 
telomeric tracts versus the rest of the yeast chromo¬ 
somes or various functional regions. (See Borevitz JO 
et al 2003 Genome Res 13:513; Winzeler EA et al 
Genetics 163:79). 

Single-Molecule Chemistry: With the currently available 
optical facilities, it is now possible to observe the 
dynamic behavior of single biomolecules and to 
study their kinetics. Within a group of molecules 
(e.g., in an enzyme), static and dynamic heterogeneity 
exists among the different molecules; there is also an 
inherent and ubiquitous fluctuation in the structure 
and function of these molecules. Classical chemistry 
could detect only the behavioral average of these 
molecules. Recent approaches open new vistas in 
biological chemistry. Conformational change could 
be detected by fluorescence of an added fluorophore 
within the T7 DNA polymerase ternary complex, 
upon binding of a dNTP substrate. This fluorescence 
change is believed to reflect the closing of the T7 pol 
fingers domain, which is crucial for polymerase 
function (Luo G et al 2007 Proc Natl Acad Sci 
USA 104:12610). The single-molecule spectroscopy 
method directly probes kinetic reversibility and the 
chaperone role of the nucleocapsid of the HIV-1 
immunodeficiency virus strand transfer to cell at 
various stages along the reaction sequence, giving 
access to previously inaccessible kinetic processes 
and rate constants (Zeng Y et al 2007 Proc Natl Acad 
Sci USA 104:12651). 

Single-Positive T Cell: The single-positive cell expresses 
either the CD4 or the CD8 surface proteins. ►CDT, 
► CD8, ►T cell 

Single-Strand Annealing Repair: ► SSA 

Singlet Oxygen ^O^): A highly reactive 0 2 molecule 
produced during inflammation, by photosensitization 
in UV light, chemiexcitation in dark, decomposition 
of NDP0 2 , etc. 1 0 2 may be toxic to molecules 
in the cell, oxidizes DNA, and produces mutagenic 
7-hydro-8-oxodeoxyguanosine. It may affect gene 
expression and carcinogenesis. ►ROS, ►8-oxodeox- 
yguanosine, ►photodynamic effect 

Singleton: Singly occurring whole-body mutations; the 
spontaneous frequency in mice for seven standard 
loci is 6.6 x 1(T 6 per locus, ►mutation rate 

Singleton-Merten Syndrome: A rare disease involving 
aortic calcification but defects in bone development. 


Singlets: Genes that occur only once in the genome. 

Singular Value Decomposition (SVD) of RNA: SVD 
uncovers in the mRNA data matrix of genes, x arrays, 
i.e., electrophoretic migration length (Alter O, Golub 
GH 2006 Proc Natl Acad Sci USA 103:11828). 

Sink: The storage of metabolites from where they can be 
mobilized on need. 

Sink Habitat: A habitat in which some individuals 
contribute less to the future generations than the 
average individual, ►source habitat, ►habitat 

Sinndakiss: A receptor internalization signal. 

Sinorhizobium: ►nitrogen fixation 

Siphonogamy: In siphonogamy, the immotile micro¬ 
gametes of higher plants are delivered to the 
archegonia through the elongating pollen tube, 
►pollen tube, ►embryosac, ►zoidogamy 

Sipple Syndrome: ►phaeochromocytoma 

SIR: ►silencer 

Sire: The male mammal; the term used primarily in 
animal breeding and applied animal genetics, ►dam 

Sirenomelia: A developmental malformation showing 
fused legs and usually lack of feet. 

SIRM: The sterile insect release method, ►genetic 
sterilization 

siRNA (silencing RNA): A 29-amino-acid peptide spe¬ 
cifically binds to the acetylcholine receptor expressed 
by neuronal cells. To enable siRNA binding, a 
chimeric peptide was synthesized by adding nine 
arginine residues at the carboxy terminus of rabies 
virus glycoprotein (RVG.) This RVG-9R peptide was 
able to bind and transduce siRNA to neuronal cells 
in vitro, resulting in efficient gene silencing (Kumar P 
et al 2007 Nature [Lond] 448:39). Low-copy 
promoter-associated siRNAs transcribed through 
RNAPII are recognized by the antisense strand of 
the siRNA and function as a recognition motif 
to direct epigenetic silencing complexes to the 
corresponding targeted promoters, in order to mediate 
transcriptional silencing in human cells (Han J et al 
2007 Proc Natl Acad Sci USA 104:12422). ►RNAi, 
►rasiRNA, ►microRNA, ►RNA polymerase IV, 
►BBB; Pikaard CS 2006 Cold Spring Harb Symp 
Quant Biol 71:473; human siRNA database: 
http://siRNA.cgb.ki.se ; http://itb.biologie.hu-berlin.de/ 
nebulus/sima/v2/. 

Sirolimus: ►rapamycin 
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SIRPs (signal regulatory proteins, 20pl3): Members of 
the SIRP family inhibit signaling through tyrosine 
kinase receptors and represent immune inhibitory 
receptors expressed on macrophages or other blood 
cells, ►tyrosine kinase receptor, ►macrophage; 
Latour S et al 2001 J Immunol 167:2547. 

Sirtuin (Sirt): NAD-dependent histone deacetylase and 
ADP ribosylase proteins of the Sir2 family. Sirtinol 
also activates many auxin-inducible plant genes. 
More than 65% of the 138 sirtinol-induced genes are 
auxin-inducible. Both auxin- and sirtinol-induction 
are apparently mediated by ubiquitin-activated protein 
degradation (Zhao Y et al 2003 Science 301:1107). 
Resveratrol may activate sirtuins and prolong life 
(Howitz K et al 2003 Nature [Lond] 425:191). Sirtuin 
mediates the mobilization of fat by repressing genes 
controlling the peroxisome proliferator-activator 
receptor-y. Overproduction of Sirt reduces adipogen- 
esis, and interference with Sirt RNA enhances fat 
production. SIRT4 functions in the mitochondria, 
represses glutamate dehydrogenase by AD2064- 
ribosylation, downregulates insulin secretion, and 
opposes the effect of caloric restriction in pancreatic 
p cells (HaigisMCetal2006 Cell 126:941). SIRT1 and 
SIRT3 activate acetyl-CoE synthetase by deacetylation 
of the cytoplasmic or the mitochondrial enzyme, 
respectively, by targeting a lysine residue (Hallows 
WC et al 2006 Proc Natl Acad Sci USA 103:10230). 
Sirtl docks with nuclear receptor co-repressor (NcoR) 
and silencing mediator of retinoid and thyroid hormone 
receptors (SMRT) leading to PPAR-y repression. 
Reduction of fat by lipolysis enhances lifespan (Picard 
F et al 2004 Nature [Lond] 429:771). Sirtuins regulate 
aging and age-related diseases such as cancer, diabetes, 
and neurodegeneration (Longo VD, Kennedy BK 2006 
Cell 126:257). In cell-based models of mouse for 
Alzheimer disease, amyotrophic lateral sclerosis and 
other tauopathies resveratrol, a SIRT 1-activating 
molecule, promotes neuronal survival (Kim D et al 
2007 EMBO J 26:3169). ►adipocyte, ►PPAR, 

► longevity, ►aging, ►obesity, ►ARF, ►neurodegen- 
erative diseases, ►silencer, ►resveratrol, ►PGC1, 

► acetyl-CoA; Grozinger CM et al 2001 J Biol 
Chem 276:38837; Pandey R et al 2002 Nucleic Acids 
Res 30:5036; signaling and regulation of protein 
deacetylation: Sauve AA et al 2006 Annu Rev 
Biochem 75:435. 

SIS: The simian sarcoma virus oncogene is located 
in human chromosome 22ql2.3-ql3.1 and mouse 
chromosome 15. The SIS protein has high homology 
to the p chain of the platelet derived growth factor 
(PDGF), KIT oncogene, FOS oncogene, and the 
colony stimulating factor, ►oncogenes, ►PDGF, 


► colony stimulating factor; Liu J et al 2001 Nucleic 
Acids Res 29:783. 

Sisl: The DnaJ structural homolog of budding yeast 
indispensable protein with multiple chaperone func¬ 
tions, including initiation of translation, ►chaper¬ 
ones, ► DnaJ, ►DnaK 

Sister Chromatid Cohesion: The juxtaposition of the 
sister chromatids until the end of metaphase in 
mitosis and until the end of metaphase II in meiosis. 
The inner centromere proteins (INCENP) and the 
centromere-linking proteins (CLiP) provide the 
physical basis of the cohesion. The multiprotein 
cohesion complex, which binds most tightly to the 
centromere, was named cohesin. A separation protein 
(separin, a cysteine protease) mediates sister chroma¬ 
tid cohesion, and the dissociation is achieved when 
the Seel/Med 1/Rad21 subunit of cohesin dissociates 
from the chromatids upon proteolytic cleavage. Rec8 
is also a component of the meiotic cohesin complex. 
The Espl (separin) is tightly bound to the chromo¬ 
somes by the anaphase inhibitor Pdsl (mammalian 
homolog Securin). Pdsl is ubiquitinated by the 
triggering effect of the anaphase-promoting complex 
(APC) and Cdc20. The sister chromatids are closely 
juxtapositioned until anaphase, indicating 
the presence of inter-sister connector structures. 
Sister chromatid cohesion affects proper disjunction 
of the mitotic chromatids but it appears important also 
for meiotic recombination. In mitosis, the separation 
of the sister chromatids and the splitting of the 
centromere take place during the single anaphase. In 
meiosis, at anaphase I, the sister chromatids separate 
but the centromere does not until anaphase II. This 
timing is apparently under the control of a specific 
protein(s). For the orderly segregation together of 
the sister chromatids during meiosis I, the protein 
monopolin is required in yeast. 

Dominant and recessive mutations have been 
identified in plants, animals, and yeast that are defective 
in chromatid cohesion. In yeast, centromeric element 
III (CDEIII) is essential for sister chromatid cohesion 
and for kinetochore function, ►mitosis, ►meiosis, 

► synapsis, ►asynapsis, ►desynapsis, ►sister chro¬ 
matids, ► sister chromatid exchange, ►DNA poly¬ 
merases, ► chiasma, ►centromere, ►cell cycle, 

► cohesin, ►ORC, ►condensin, ►adherin, ►check¬ 
point; Nasmyth K et al 2000 Science 288:1379; Toth A 
et al 2000 Cell 103:1155; Carson DR, Christman MF 
2001 Proc Natl Acad Sci USA 98:8270; Lee JY et al 
2001 Annu Rev Cell Dev Biol 17:753. 

Sister Chromatid Exchange (SCE): Sister chromatid 
exchanges are detectable in eukaryotic cells pro¬ 
vided with 5-bromo-deoxyuridine for (generally) one 
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cycle of DNA replication (see Fig. S67). Subsequent¬ 
ly, at metaphase the chromosomes are stained with 
either the fluorescent compound Hoechst 33258 
(harlequin staining) or according to a special Giemsa 
procedure. 



Figure S67. Sister chromatid exchange. Right: Un¬ 
treated control. Left: Exposed to the alkylating 
compound thiotepa during DNA synthesis. (Courtesy 
of Professor BA Kihlman) 

If sister chromatids are reciprocally exchanged, 
sharp bands appear in mirror image-like fashion. The 
frequency of sister chromatid exchange is boosted by 
about a third by potential carcinogens and mutagens. 
This method has been successfully used in various 
animal and plant cells for identifying genotoxic 
agents. The data must be evaluated with care in 
comparison with the concurrent control because BrdU 
itself may break chromosomes under UV-B light. 

In Saccharomyces cerevisiae , molecular and genet¬ 
ic evidence are available for meiotic sister chromatid 
exchange. When one of the bivalents had different 
number of ribosomal RNA repeats with an embedded 
LEU2 gene, duplication and deficiency of LEU2 and 
the repeats were detected. Similar observations were 
made with other chromosomes and markers. After the 
DNA double-strand breaks, histone H2AX is phos- 
phorylated at serine 139 and facilitates the homolo¬ 
gous recombination of chromosomal double-strand 
breaks by using the sister chromatids as template (Xie 
A et al 2004 Mol Cell 16:1017). ►harlequin staining, 

► Giemsa staining, ►bioassays in genetic toxicology, 
►ring chromosomes, ►BrdU, ►ultraviolet light, 

► genotoxic, ►sister chromatids, ►chiasma, ►cross¬ 
ing over, ►cohesin, ►double-strand breaks, ►DNA 
repair, ►histone variants; Shaham J et al 2001 Mutat 
Res 491:71. 


Sister Chromatids: Sister chromatids are attached to the 
same side of the same centromere but they seem to be 
coiled in opposite directions (see Fig. S68). Their 
separation in mitosis requires the activation of a 
proteolytic enzyme encoded by the Cut2 gene 
in Schizosaccharomyces pombe. ►chromatids; 
Nasmyth K 2001 Annu Rev Genet 35:673. 



Figure S68. Sister chromatids 

Sister-Strand Exchange: Same as sister chromatid 
exchange. 

SIT: A family of protein phosphatases regulating 
diverse metabolic pathways. ►PP2A 

SIT (sterile insect technique): ►genetic sterilization, 
► GSM 

Site-Directed Immunization: ►immunization genetic 

Site-Directed Mutagenesis: ►directed mutation, ►lo¬ 
calized mutagenesis, ►targeting; Storici F et al 2001 
Nature Biotechnol 19:773. 

Site-Specific Cleavage: The site specific cleavage of 
nucleic acids is accomplished by restriction endonu¬ 
cleases, some special RNases, and oligonucleotide- 
phenanthroline conjugates, which may cut both strands 
of the DNA in the presence of Cu 2+ and a reducing 
agent. EDTA-Fe 2+ may do the same if tethered to 
triplex molecules, albeit with low efficiency. In the 
presence of light, ellipticine attached to homopyrimi¬ 
dines may cleave a double helix within a triplex (see 
Fig. S69). ►restriction endonucleases, ►triplex, 
►tethering; Gimble FS 2001 Nucleic Acids Res 
29:4215. 



Figure S69. Ellipticine 

Site-Specific Mutations: Site-specific mutations occur 
at particular nucleotides in the DNA and RNA, 
respectively, ►base substitution, ►localized muta¬ 
genesis, ► gene replacement, ►site-specific recombi¬ 
nation, ►PCR-based mutagenesis, ►cassette 
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mutagenesis, ►homolog-scanning mutagenesis, ►al¬ 
anine-scanning mutagenesis, ►TAB mutagenesis, 
► cysteine-scanning mutagenesis, ►Kunkel muta¬ 
genesis, ►targeting vector, ►oligonucleotide-direct¬ 
ed mutagenesis, ►degenerate oligonucleotide 
directed mutagenesis, ►look-through mutagenesis 

Site-Specific Recombinases: Site-specific recombi- 
nases are resolvases that attach at the two-base 
staggered cut sites. The enzyme is then covalently 
linked to the 5' ends and the P0 4 of the DNA is 
covalently linked to the OH group of the recombi- 
nase. Subsequently, the broken DNA strand releases 
the deoxyribose hydroxyl group. The P0 4 is joined 
to another deoxyribose OH group and the DNA 
backbone is reconstituted. The members of the 
integrase group of enzymes attach at sites 6-8-bases 
apart. The first breakage results in a Holliday 
juncture, that may lead to branch-migration and after 
a second strand exchange and rotation isomerization 
(►Holliday model steps H-J) the strands may be 
resolved either with an outside marker exchange 
(classical recombination) or in gene conversion (the 
constellation of the outside markers retained). It is 
conceivable that the broken ends are reconstituted 
without any change, or deletions may also take place, 
or the position of the broken ends are inverted by 
180° resulting in what classical cytology called 
inversion. Resolvase and integrase reactions can be 
very specific for the sites and the reaction is secured 
by the assistance of additional proteins that bring into 
contact only the appropriate DNA stretches. These 
two enzymes act only on supercoiled DNA. The 
integrase family of recombinase enzymes is more 
liberal in choice, yet affected by various conditions. 
The Mu phage or the HIV integration does not require 
covalent association between the DNA and a protein. 
The phosphodiester bond of the donor DNA is 
hydrolyzed to generate an OH group. This group and 
a phosphodiester group of the receiving DNA then 
join, and thus the strand is integrated. Site-specific 
recombinase enzymes with new specificities have 
been engineered using bacterial resolvase domains 
combined with substrate recognition domains bor¬ 
rowed from a mouse transcription factor (Akopian A 
etal2003 Proc Natl Acad SciUSA 100:8688). ►site- 
specific recombination, ►Holliday juncture, ►resol¬ 
vase, ► Cre/loxP ; ► FLP/FRT, \ ►integrase, ►phos¬ 
phodiester linkage, ►transesterification, ►homing 
endonucleases; Woods KC et al 2001 J Mol Biol 
313:49; Dhar G et al 2004 Cell 119:33; structural and 
biochemical mechanisms of tyrosine and serine types 
of recombinases: Grindley NDF et al 2006 Annu Rev 
Biochem 75:567. 

Site-Specific Recombination: Site-specific recombina¬ 
tion occurs when the recombination is limited to 


a specific few nucleotide sequences. Homology may 
be present at the exchange region in both recombin¬ 
ing molecules like at the integration-excision site of 
the temperate phage. Alternatively, the specificity is 
limited to only one of the partners like at the 25 bp 
termini of the T-DNA or the direct and indirect 
repeats of the transposable elements. In the latter 
cases, the recombinational target sites may have no or 
only minimal similarity. The IS30 insertion element 
can serve as site-specific recombinases when repla¬ 
cing the integration/excision genes of phage X (Kiss J 
et al 2003 Proc Natl Acad Sci USA 100:15000). 
Peptide nucleic acids enhance site-specific recombi¬ 
nation and DNA repair, ►lambda phage, ►gene 
replacement, ► Cre/Lox, ► FLP/FRT, \ ►switching, 

► site-specific recombinase, ►peptide nucleic acids, 
►knockout, ►targeting genes, ►chromosomal rear¬ 
rangement, ► ligand-activated site-specific recombi¬ 
nation, ► T-DNA, ►recombination, ►shoufflons, 

► integrases, ►DD(35)E; Sauer B, Henderson N 
1988 Proc Natl Acad Sci USA 85:5166; Pena CE et al 

2000 Proc Natl Acad Sci USA 97:7760; Christ N et al 
2002 J Mol Biol 319:305. 

Sitosterolemia (phytosterolemia, STSL, 2p21): A rare, 
recessive hypercholesterolemia resulting in more 
than 30-fold increase of the level of this plant 
cholesterol in the plasma. Intestinal absorption of 
sterols is increased and the excretion of sterols into 
the bile is impaired. Initially, it causes xanthomatosis 
and later premature coronary artery disease. Actually, 
two genes encoding sterolin 1 and sterolin 2 are 
involved in opposite orientation separated by a short 
interval. Sterolins apparently regulate sterol trans¬ 
port. ► cholesterol, ►low-density lipoprotein, 
►VLDL, ►xanthomatosis, ►familial hypercholes¬ 
terolemia, ► coronary heart disease; Lee M-H et al 

2001 Nature Genet 27:79; Lu K et al 2001 Am J Hum 
Genet 69:278. 

Situs Inversus Ambiguus: Some of the organs situated 
at the common side of body axis, others are at a 
misplaced site regarding the axis, ►left-right asym¬ 
metry 

Situs Inversus Totalis: Complete inversion of left-right 
body axis, ►left-right asymmetry 

Situs Inversus Viscerum (7p21): A malformation of 
mammals, including humans, where the internal 
organs such as the heart are shifted to the right side 
of the chest (thorax). It is frequently accompanied by 
chronic dilation of the lung passages (bronchi) and 
inflammation of the sinus; the latter disorder is 
also called Kartagener syndrome, which is character¬ 
ized also by the immotility of sperm and cilia. 
The anomaly may by either autosomal or X-linked 
recessive. Its incidence in the general population may 
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be about 1/10,000. In the mouse, the genes iv 
(chromosome 12) and the inv (chromosome 4) disturb 
left-right axis formation and cause 50 and 100% 
manifestation of situs inversus, respectively. In the 
chicken, the fibroblast growth factor (FGF8) med¬ 
iates the determination of the right side and in Sonic 
hedgehog (SHH), of the left side. In the mouse, FGF8 
is instrumental in the left side and SHH in the right 
side specification, ►dynein, ►heterotaxy, ►isomer¬ 
ism, ►Kartagener syndrome, ►asymmetry of cell 
division, ►axis of asymmetry, ►FGF, ►sonic 
hedgehog, ►left-right asymmetry, ►ciliary dyskine¬ 
sia; Bartoloni L et al 2002 Proc Natl Acad Sci USA 
99:10282; Bisgrove BW et al 2003 Annu Rev 
Genomics Hum Genet 4:1. 

SIV (Simian immunodeficiency virus): a relative of HIV. 
► acquired immunodeficiency, ►HIV 

Size: Size depends primarily on cell number and cell 
size and it is developmentally and genetically 
determined. (See Conton I, Raff M 1999 Cell 
96:235). According to Kleiber’s rule (1932 Hilgardia 
6:315), the size of an organism (body mass) follows 
the ~ 3 /4 power of the metabolic/respiratory rate. A 
morphogen gradient may determine the size of an 
organ in animals. It is not entirely resolved which way 
the gradient is controlled. One set of data of 
Drosophila wing size determination indicates that 
imaginal disk size is determined relative to the fixed 
morphogen distribution by a certain threshold level 
of morphogen required for growth. When disk bound¬ 
ary reaches the threshold, the arrest of cell prolifera¬ 
tion throughout the disk is induced by mechanical 
stress in the tissue. Mechanical stress is expected to 
arise from the non-uniformity of morphogen distri¬ 
bution that drives growth. This stress, through a 
negative feedback on growth, can compensate for the 
non-uniformity of morphogen, achieving uniform 
growth with the rate that vanishes when the disk 
boundary reaches the threshold (Hufnagel L et al 
2007 Proc Natl Acad Sci USA 104:3835). 

It seems that plants differ in metabolism from 
animals extensive data (500 observations on 43 plant 
species) indicates that respiration (relative to nitrogen 
content) at a scaling exponent of ~ 1 better represents 
mass (Reich PB et al 2006 Nature [Lond] 439:457). 
►body mass, ►body size, ►morphogen, ►imaginal 
disk 

Size-Exclusion Chromatography: In size-exclusion 
chromatography, molecules are separated by size; 
large molecules may not enter the surface of the 
matrix but small molecules may penetrate the core. 
The penetration depends on size and shape of the 
analyte and the nature of the matrix. 

SJL Mouse: Non-inbred strain. 


Sjogren-Larsson Syndrome: ►ichthyosis 

Sjogren (sicca = dry) Syndrome (SS) Autosomal 
recessive autoimmune disease leading to the destruc¬ 
tion of the salivary and lacrimal glands by the 
production of autoantibody against the SS-A (RoR- 
NA) and SS-B (La Sn RNA) particles. The affected 
individuals have dry mouth and dry eyes (no tears). 
The autoantigens have been identified and purified. 
The Ro autoantigen appears to be encoded in human 
chromosome 19pter-pl3.2. The La autoantigen may 
be involved with RNA polymerase III. The 120 kDa 
a-fodrin appears to be the critical autoantigen that 
elicits the disease. Aberrant T cells with impaired 
class IA phosphoinositide 3-kinase signaling can lead 
to organ-specific autoimmunity in mice and resemble 
human SS (Oak JS et al 2006 Proc Natl Acad Sci 
USA 103:16882). ►autoimmune disease, ►fodrin, 
►RoRNP, ►PIK, ►rosacea 

SK: Calcium-activated potassium ion channels, ►ion 
channels 

SK Oncogene: The SK oncogene probably regulates 
tumor progression; it was assigned to human 
chromosome Iq22-q24. 

7SK RNA: A small (330 base) nuclear RNA (snRNA) of 
ubiquitous presence and involvement in the control of 
transcription by interfering with the RNA elongation 
factor P-TEFb. ►snRNA, ►RNA regulatory; Yang Z 
et al 2001 Nature [Lond] 414:317; Michels AA et al 
2004 EMBO J 23:2608. 

Skeletal Map: The skeletal map uses only microsatellite 
marker data, ►framework map, ►recombination 
minimization map, ►integrated map, ►genetic map, 
►physical map, ►radiation mapping 

Skewed Distribution: In skewed ditribution, the data are 
not symmetrical around the mean; either one or the 
other extreme flank is predominant (see Fig. S70). 
►normal distribution, ►kurtosis 



Figure S70. Skewed distribution 

Skewness: Asymmetry in the distribution frequency 
of the data, ►kurtosis, ►normal distribution, ►mo¬ 
ments 

Ski (Sloan Kettering Institute): A protein discovered at 
the Sloan Kettering Institute, as a viral factor in 
tumorigenesis. Ski occurs in vertebrates and insects 
and, along with Sno (Si-related novel gene), regulates 
the effect of Smad4 and Smad3 proteins that in 
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response to the phosphorylation signals coming from 
TGF-p may negatively control gene expression. It 
interacts with Skip, a transcriptional activator. 

► Smad, ►TGF; Prathapam T et al 2001 Nucleic 
Acids Res 29:3469. 

Skin Cancer: Skin cancer constitutes about 40% of 
all newly diagnosed cancers. The incidence of 
melanoma is 4%, basal cell carcinoma 80%, and 
squamous-cell carcinomas 16% of the skin cancers. 
Sunscreen provides limited protection; conversely, it 
may even increase the risk because the assumed 
protection allows more exposure to the sun. The 
sensitive initial target of carcinogenesis by UV light 
is mutation in gene p53 and various protooncogenes. 
The UV-light damage starts with initiation in single 
cells that may be followed by the effects of tumor 
promoting agents ( expansion ), eventually leading to 
the progression of the tumor cells, resulting in cancer. 
UVB can enhance these three steps, each, by acting 
on the signaling molecules, epidermal growth factor 
(EGF), mitogen-activated protein kinases (MAPK), 
and phosphatidylinositol 3-kinase (PI3K). EGF 
activation leads to the production of reactive oxygen 
species (ROS). ROS effects can be mitigated by 
antioxidants. UV induces several transcription factors 
such as AP-1, JUN, FOS, etc., and cyclooxygenase-2. 
AP-1 activation may be inhibited by salicylate 
(aspirin) or perillyl alcohol (monoterpene). Several 
other promising chemical protective agents are under 
study. (See terms under separate entries; Bowden GT 
2004 Nature Rev Cancer 4:23). 

Skin Color: ►pigmentation of animals; Sturm RA et al 
1998 Bioessays 20(9):712; Barsh G 2003 PLoS Biol 
l(l):e7; Lin JY, Fisher DE 2007 Nature [Lond] 
445:843. 

Skin Diseases: ►acne, ►epidermolysis, ►keratosis, 

► ichthyosis, ►psoriasis, ►blisters, ►porphyria, 
►pemphigus, ►acrodermatitis, ►familial hypercho¬ 
lesterolemia, ►Fabry disease, ►pseudoxanthoma 
elasticum, ►nevus, ►vitiligo, ►ectodermal dyspla¬ 
sia, ► focal dermal hypoplasia, ►scleroderma, ►lu¬ 
pus erythematosus, ►dermatitis, ►eczema, 

► Gardner syndrome, ►Kindler syndrome, ►cutis 
laxa, ►pigmentation defects, ►light-sensitivity, 

► glomerulonephrotis, ►Rothmund-Thompson syn¬ 
drome, ►Werner syndrome, ►epithelioma, ►dysker¬ 
atosis, ► erythrokeratoderma variabilis, ►skincancer, 
►xeroderma pigmentosum, ►connexin 

Skotomorphogenesis: Morphogenesis without depen¬ 
dence on light. ►photo-morphogenesis, ►de-etiolation 

SKP (cyclin A-CDK2 associated protein): An intrinsic 
kinetochore protein (22.3 kDa) widely conserved 


among species. It coordinates centromere, centro- 
somes, and other cell cycle factors. The Skplp is a 
proteasome-targeting factor. Mice Skp2~ /_ is viable, 
yet has reduced growth rate, has polyploid cells, and 
accumulates cyclin E and p27 Kipl proteins that it 
cannot efficiently eliminate during the S and G2 
phases of the cell cycle (see Fig. S71). For the 
degradation, SCF skp2 is required. Skp2 is up- 
regulated in some types of epithelial carcinogenesis, 
►kinetochore, ►cell cycle, ►CDCT, ►proteasome, 
►F-box, ►cyclin A, ►CDK, ►SCF, ►von Hippel- 
Lindau disease; Nakayama K et al 2000 EMBO J 
19:2069; Latres E et al 2001 Proc Natl Acad Sci USA 
68:2515. 



Figure S71. Skp2 disrupted mice is deficient in the F 
box protein and SCF ubiquitin ligase has enlarged 
nuclei, multiple centrosomes and reduced growth. They 
accumulate cyclin E and p27Kip. (From Nakayama K 
et al 2000 EMBO J 19:2069) 


Skunk ( Mephitis mephitis ): 2n = 50; ( Spilogele 
putorius ), 2n = 64. 

Sky: Same as spectral karyotyping, ►spectral karyo¬ 
typing 

Sky: A cellular tyrosine kinase. It regulates B cell 
development. ►B lymphocyte; Kishi YA et al 2002 
Gene 288:29. 

SL1, SL2 (spliced leader): SL1 and SL2 are involved 
in the transsplicing in Caenorhabditis. The 100- 
nucleotide leader donates its 5' end 22 nucleotides 
to a splice acceptor site on the primary transcript. 
Trans-splicing is very common (70%) among the 
nematode’s genes. This mechanism is used for the 
coordinately regulated gene clusters, transcribed 
in polycistronic RNA. The nematode operons use 
SL2 whereas other genes use SL1. ►transsplicing, 
► coordinate regulation, ►operon 

SL1: A transcription factor complex of RNA polymer¬ 
ase I. It is a complex of the TATA-box-binding 
protein (TBP) and the three TATA box associated 
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factors (TAF). The TBP protein binds exclusively, 
either SL1 (RNA pol I) or TFIID (RNA pol II). In the 
case of RNA pol III, TFIIIB is required for the 
recruitment of the polymerase to the promoter 
complex, ►pol I, ►pol II, ►TBP, ►TAF, ►transcrip¬ 
tion factors 

Slicer: A structural homolog of ribonuclease H; it is also 
a domain of Piw. ►Ribonuclease H, ►piRNA 

7SL RNA: An RNA component in the signal recognition 
protein (SRP) complex, ►signal sequence recogni¬ 
tion particle, ►Alu 

Slalom Library: The slalom library is based on a 
combination of the principles of linking and 
jumping libraries, ►jumping library, ►linking li¬ 
brary; Zabarovska VI et al 2002 Nucleic Acids 
Res 30(2):e6. 

SLAM (signaling lymphocyte activation molecule, 
CDwl50): AT cell receptor protein (M r 70K) of the 
immunoglobulin family, constitutively and rapidly 
expressed on activated peripheral blood memory T 
cells, immature thymocytes, and on some B cells. It is 
a receptor also for the measles virus. T cells carrying 
the CD4 + antigens produce increased amounts of 
interferon y without an increase of interleukins 4 or 5. 
SLAM function is independent of CD28. ►T cell, 

► interferon, ►interleukin, ^0028, ► Epstein-Barr 
virus, ►SAP; Bleharski JR et al 2001 J Immunol 
167:3174. 

SLAM: The gene predictor program for the detection of 
homologous sequences in different species, ►gene 
prediction; Alexandersson M et al 2003 Genome Res 
13:496. 

SLAP (Fyb/Slap): One of the adaptor proteins that 
regulate TCR-mediated signal transduction. Cb/ has 
an inhibitory effect. SLAP interacts with Sky, ZAP- 
70 and LAT. ►Fyb, ►TCR, ►signal transduction, 

► CBL; Peterson EJ et al 2001 Science 293:2263. 

SLD: A yeast chromosomal replication protein acting 
after phosphorylation during the S phase. ►GINS; 
Masumoto H et al 2002 Nature [Lond] 415:651. 

Sleep: A circadian organization of rest after activity, 
controlled by several neural genes. Apparently, muta¬ 
tion of the human homolog of Per2 (2q) may be 
responsible for the familial advanced sleep phase 
syndrome. In Drosophila , some Shaker (1.57.6) 
null mutants (Sh 102 , minisleep) involved in a 
voltage-dependent K + channel controlling membrane 
polarization and transmitter release have reduced 
requirement for sleep and display apparently normal 
functions but shorter life span (Cirelli C et al 2005 
Nature [Lond] 434:1087). The point mutation 


(Ser—>Gly) is within the casein kinase Is and alters 
the circadian clock. Sleep may have a weak role in 
the consolidation of memory and frequently inspires 
insight. Insight is a mental restructuring leading to 
sudden gain of explicit knowledge (Wagner U et al 

2004 Nature [Lond] 427:352). Sleep-deprivation 
seriously affects job-performance and cognitive abil¬ 
ities. The Ampakine (a-amino-3-hydroxy-5-methyl-4- 
isoxazolepropropionic acid, AMPA) dmgs appear 
promising in non-human primates for alleviating the 
problems of sleeplessness (Porrino LJ et al 2005 PLoS 
Biol 3(9):e299). In aging organisms (humans or 
Drosophila) the sleep cycles are generally fragmented 
and it has been attributed of age-related oxidative 
damage (Koh K et al 2006 Proc Natl Acad Sci USA 
103:13 843). ► apnea, ► narcolepsy, ► circadian rhythm, 
►memory; Siegel JM 2001 Science 294:1058; ShawPJ 
et al 2002 Nature [Lond] 417:287; Pace-Schott EF, 
Hobson JA 2002 Nature Rev Neurosci 3:591; 2005 
Nature [Lond] 437:1253-1289. 

Sleeping Beauty (SB): An artificially constructed 
human mariner transposable element, equipped with 
a salmon transposase function enabling the otherwise 
non-mobile element to move in HeLa or other 
somatic cells by a cut-and-paste mechanism. Another 
type of transposon vector (pTnori) is outlined here in 
Figure S72. Another transposon (T2/Onc2), contain¬ 
ing a larger fragment of splice acceptor sequence, is 
flanked by optimized transposons binding sites. It 
also contains a murine stem cell virus (MSCV) long 
terminal repeats and a splice donor site to promote 
gene expression when integrated upstream or within 
the gene. Low methylation in MSCV promoter and 
high copy numbers are also an advantage. A more 
active transposase was constmcted to increase transpo¬ 
sition frequency and to be expressed in all tissues. This 
new system generated transposon mutagenesis in many 
cancer genes and appears promising to shed light on 
cancer etiology of mammalian cells (Dupuy AJ et al 

2005 Nature [Lond] 436:221; Collier LS et al 2005 
Nature [Lond] 436:272). Transposition of Sleeping 
Beauty requires the presence of the Miz-1 transcription 
factor and the slow-down of the G1 phase of the cell 
cycle. The slow-down decreases Dl/cdk4-specific 
phosphorylation of the retinoblastoma protein 
(Walisko O et al 2006 Proc Natl Acad Sci USA 



IR PRO Tn5 NEO ORI IR 


Figure S72. IR: inverted repeats, PRO: promoter, Tn5: 
bacterial transposon, NEO: selectable marke, ORI: origin 
of replication (p Tnori) 
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103:4062). ►mariner, ►transposase, ►piggyBac, 

► cut-and-paste, ►HeLa, ►cyclinD, ►CDK, ►retino¬ 
blastoma; Horie K et al 2001 Proc Natl Acad Sci USA 
98:9191; Izsvak Zs et al 2002 J Biol Chem 277:34581. 

Sleeping Sickness: A potentially fatal disease caused by 
Trypanosomas. The tse-tse fly spreads the disease. 

► Trypanosomas 

SLG: Self-compatibility locus-secreted glycoprotein. 

► self-incompatibility 

Sliding Clamp: A gp45 gene of phage T4 controls high 
speed of replication (processivity) by gp43 (DNA 
polymerase gene); gp44 and gp62 are the clamp 
loaders for gp45. The clamp hugs the DNA and slides 
along the duplex DNA. The replication complex is 
then attached to the clamp. The cellular homologs 
for p45 are the p units of the DNA polymerase III 
of prokaryotes and the PCNA of eukaryotes. The 
transcription may be coupled to replication and 
regulated by protein-protein and protein site-specific 
DNA interactions. In eukaryotes, the sliding clamp is 
PCNA. The x subunit of DNA polymerase complex 
switches off the polymerase from the DNA as one 
Okazaki fragment is finished and then switches on 
again the P subunit to start a new Okazaki fragment 
(Lopez de Saro FJ et al 2003 Proc Natl Acad Sci USA 
100:14689). ►DNA polymerases, ►PCNA, ►repli¬ 
cation factor, ►clamp loader, ►Okazaki fragment; 
Fishel R 1998 Genes Dev 12:2096; Trakselis MA 
et al 2001 Proc Natl Acad Sci USA 98:8368; crystal 
structure: Jeruzalemi D et al 2001 Cell 106:417; 
Johnson A, O’Donnell M 2005 Annu Rev Biochem 
74:283. 


the codon-anticodon interactions are weak at the 
ribosomal P site (Hansen TM et al 2003 EMBO 
Rep 4:499). Slippage during DNA replication 
may generate trinucleotide repeats, which can lead 
to neurodegenerative disease. Slippage may be the 
origin of base mismatches, which generate instabil¬ 
ities (Chi LM, Lam SL 2005 Nucleic Acids Res 
33:1604). ►slipping, ►attenuator region, ►over¬ 
lapping genes, ►unequal crossing over, ►microsa¬ 
tellite, ►replication slippage, ►decoding, 
►mismatch repair, ►transcript elongation, ►trinu¬ 
cleotide repeat; Viguera E et al 2001 EMBO J 
20:2587. 

Slipped-Structure DNA (S-DNA): Incomplete pairing 
within intrastrand folds (hairpins) in not exactly 
opposite position to each other. Such a structure may 
form when there are variable number trinucleotide 
repeats in the DNA (see Fig. S73). ►trinucleotide 
repeats, ►hairpin 

P 

Figure S73. S-DNA 


Slipping: A shifting of the translational reading frame, 
►recoding, ►hopping, ►slippage 


SLIK: ►SAGA 

Slime Molds: Slime molds are either of plasmodial 
(Myxomycetes ) or cellular type (Acrasiomycetes) 
eukaryotes, of which Dictyostelium discoideum is 
perhaps the most important object for research, 
►plasmodium, ► Dictyostelium, ►Physarum 

SLINK: A computer program for estimating linkage 
information by a simulation approach. ► SIMLINK 

Slippage: Usually, when homopolymeric sequences are 
embedded in the template DNA strand, the RNA 
polymerase may synthesize RNA strands that are 
much longer (by a few to thousands nucleotides) than 
the template; this is known as slippage. The slippage 
can be inhibited, however, when nucleotides, repre¬ 
senting the next one to the homopolymeric stretch, 
are added. Frame shift mutations may be interpreted 
as the result of slippage. Slippage may occur during 
decoding at translation on the ribosome in case 


Slip-Strand Mispairing: Slip-strand mispairing may 
cause replicational error if not corrected by repair; it 
is frequently the cause of micro- and minisatellite 
instability. The slippage may cause either additions 
to or deletions from the repeat sequences. This 
process is independent from the mechanism(s) of 
recombination (it is not unequal crossing over), and 
flanking markers are not exchanged here. In yeast, its 
frequency is about the same as at mitosis and meiosis. 
Defects in the genes controlling replication and repair 
of the DNA may increase the instability and cause 
more mutations in microsatellites than in other types 
of DNA sequences. The packaging of the DNA, the 
temperature, methylation state, base composition, 
cell cycle stage, etc., may affects its frequency. Its 
rate may vary among different species because of 
differences in the replicase and mismatch repair 
enzymes. CTG repeats in the lagging strands are less 
stable than in the leading strand, ►microsatellite, 
►minisatellite, ►MVR, ►unequal crossing over, 
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Slit 


► slippage; Lewis LA et al 1999 Mol Microbiol 
32:977. 

Slit: An axon-repellent molecule with Robo as its 
receptor, ►axon, ►axon guidance, ►Robo 

Slithering: A creeping-like motion of the recombination 
sites towards each other. A recombinase enzyme 
within a supercoiled DNA molecule may mediate 
slithering in case of site-specific recombination. 

► site-specific recombination; Huang J et al 2001 
Proc Natl Acad Sci USA 98:968. 

Slot Blot: Binding cDNA or RNA onto slots—► A on 
membrane filters for the analysis of transcripts by 
hybridization to specific sequences. 

Slow Component: During a reassociation reaction of 
single-stranded DNA, the unique sequences anneal 
slowly, ►cot value, ►annealing 

Slow Stop: In a slow stop, bacterial mutant dna may 
complete slowly the replication underway but cannot 
start a new cycle at 42 °C. ►replication, ►strong-stop 
DNA 

SLP-76 (a 76 kDa specific leukocyte protein adaptor): 
SLP-76 binds to TCR, is phosphorylated at tyrosines 
near the N-terminus, and provides SH2 binding sites 
for the VAV protein. SLP also binds the SH3 domain 
of Grb2. At the C-end, it associates also with SLAP 
(SLP-76 associated phosphoprotein), resulting in 
activation of NF-AT. SLP-76 is essential for TCR 
activity and T cell development in signaling pathways 
through the activity of phosphotyrosine kinases 
(PTK), but it is not required for macrophage and 
natural killer cells, ►signal transduction, ►TCR 
genes, ►T cell receptor, ►SH2, ►VAV Grb2, ►NF- 
AT, ►macrophage, ►killer cell, ►BASH, ►CD3, 

► GADS; Pivniouk VI et al 1999 J Clin Invest 
103:1737. 

SLS: Sodium lauryl sulfate. ►SDS 

SLT: ►specific locus mutations assay 

SLT-2: A protein kinase of the MAPK family, ►signal 
transduction, ►protein kinase, ►MAPK 

Slug: Slug, in general usage, means a land mollusk but 
see also ► Dictyostelium 

Slug: A zinc-finger transcription factor activated by 
p53. It represses Puma and antagonizes apoptosis 
(Wu W-S et al 2005 Cell 123:641). ►apoptosis, 
►p53, ►zinc fingers, ►PUMA 

Sly Disease: ►mucopolysaccharidosis type VII 

Sma I: A restriction endonuclease; recognition site 
CCC jGGG. ►restriction enzymes 


SMAC (supramolecular activation cluster): CD4 T cells 
with antigen presenting cells, receptors, and intracel¬ 
lular proteins form SMAC. (See terms at separate 
entries; Potter TA et al 2001 Proc Natl Acad Sci USA 
98:12624). 

Smac (second mitochondria-derived activator of 
caspases): Smac inhibits IAPs and facilitates apopto¬ 
sis by caspase-3. A small, synthetic Smac mimic 
potentiates the activation of TRAIL and TNFa, 
inhibits IAP activity, and promotes apoptosis (Li L 
et al 2004 Science 305:1471). Smac is homologous 
with Diablo. ►IAP, ►apoptosis, ►DIABLO; Zhang 
XD et al 2001 Cancer Res 61:7339. 

Smad: Signal transducing proteins, which when 
stimulated by TGF-P can enhance gene transcription 
and tumor formation (TGF-p signaling). The Smad 
binding element is GTCTAGAC. The facilitating 
effects of the bone morphogenetic protein (BMP, 
acting via the serine/threonine kinase receptor) 
determine the SMAD protein function and opposing 
epidermal growth factor (EGF, acting via the receptor 
tyrosine kinases). Smad2 is essential for the forma¬ 
tion of the early embryonic mesoderm of the mouse. 
Smad3 is normally phosphorylated by the TGF 
receptor TpRI, and Evi-1 represses its transcriptional 
activator function. Smad4 controls the mesoderm and 
visceral endoderm. Other SMADs associated with 
various ligands of the TGF family control the 
expression of genes involved in embryonal tissue 
differentiation. Smad3 and Smad4 cooperate with 
Jun/Fos (Al) and bind to the TPA-responsive gene 
promoter elements. SARA (Smad anchor for receptor 
activation) retains Smad2 and 3 in the cytoplasm. 
Pancreatic, colon, and other cancers are frequently 
associated mutation(s) in SMAD2 and SMAD4/ 
DPC4. Smad4 is a tumor suppressor in the gastroin¬ 
testinal tract of mice (Kim B-G et al 2006 Nature 
[Lond] 441:1015). SMADs 6 and 7 are modulators/ 
inhibitors of signaling by some SMADs and their 
mutation may cause hyperplasia of the cardiac valves 
and other structural anomalies of the heart as well as 
ossification of the aorta and high blood pressure in 
mice. The SMAD acronym was derived from the 
human SPA (spinal muscular atrophy genes, 5ql2.2- 
ql3.3) and the Drosophila gene Mad {mothers 
against decapentaplegic). Smad proteins are classi¬ 
fied as R-Smads (receptor regulated), Co-Smads 
(common Smads), and I-Smads (inhibitory). ►TGF, 

► EGF, ►bone morphogenetic protein, ►serine/ 
threonine kinase, ►receptor tyrosine kinase, ►acti- 
vin, ►Evi oncogenes, ►TPA, ►API, ►SARA, 

► DPC4, ►Ma<7, ►spinal muscular atrophy, ►Gli, 

► Ski, ►osteopontin; Wrana JL 2000 Cell 100:189; 
Zauberman A et al 2001 J Biol Chem 276:24719; 
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Lopez-Rovira T et al 2002 J Biol Chem 277:3176; 
Derynck R, Zhang YE 2003 Nature [Lond] 425:577. 

Small Cell Lung Carcinoma (SCLC): SCLC is asso¬ 
ciated with a deletion of the human chromosomal 
region 3pl4.2; the susceptibility is dominant. It 
accounts for about 1/3 of all lung cancers. Lung 
cancer genes were located also to 3p21, 3p25, and to 
several other chromosomes Smoking may be the 
major cause of the development of this condition. 
Surgical remedies are usually not applicable because 
of the rapid metastasis but it generally responds to 
radiation and chemotherapy. Deregulation of the 
MYC oncogene is the suspected cause. Recently, a 
gene for fragile histidine triad (FHIT) was found to be 
associated with SCLC and with some of the non¬ 
small cell lung carcinomas (NSCLCs). The product 
of FHIT splits Ap 4 A substrates asymmetrically into 
ATP and AMP. Its metastasis may be inhibited by 
CC3/TIP30. The heterozygotes (T/C) for the check¬ 
point kinase gene (CHECK 2/CDS 1, human chromo¬ 
some 22ql2.1) was associated with a highly 
significantly lower incidence of lung cancer than 
the common T/T genotype [relative risk (RR), T/C 
versus T/T, 0.44, with 95% confidence interval (Cl) 
0.31-0.63, P < 0.00001] and with a significantly 
lower incidence of upper aero-digestive cancer (RR 
0.44, Cl 0.26-0.73, P= 0.001; P= 0.000001 for lung 
or upper aero-digestive cancer). The results of this 
study, involving 4015 smoking patients and 3050 
non-smoking individuals in several East-European 
countries, were surprising because earlier, mutation 
in the same gene showed an increase in the incidence 
of the Li-Fraumeni syndrome (Brennan P et al 2007 
Hum Mol Genet 16:1794). ►oncogenes, ►cancer, 
►MYC, ►p53, ►ATP, ►AMP, ►semaphorin, ►me¬ 
tastasis, ►non-small lung cell carcinoma suppressor, 
►neuroendocrine cancer, ►Li-Fraumeni syndrome, 
► smoking, ►checkpoint; Zochbauer-Muller S et al 
2002 Annu Rev Physiol 64:681; Tonon G et al 2005 
Proc Natl Acad Sci USA 102:9625. 

Small Molecule Microarray: In small molecule micro¬ 
array, polystyrene beads covered by presumed 
biologically active ligands are arrayed in micro-well 
plates. The molecules are released from the beads in a 
solution and are spread over glass plates and tested for 
biological function(s) by high-throughput technolo¬ 
gy. (Uttamchandani M et al 2005 Curr Opin Chem 
Biol 9:4; MacBeath G et al 1999 J Am Chem Soc 
121:7967; Clemons PA et al 2001 Chem Biol 
8:1183). 

Small Nuclear RNA: ►snRNA 

Smallpox: ►pox virus, ►variola 


Small RNA (sRNA): sRNA includes microRNA, RNAi, 
transcripts of small genes, pseudogenes, intergenic 
regions, and transposons. By the use of massively 
parallel signature sequencing in Arabidopsis plants, a 
library of a total of 104,800 distinct signatures of 
these RNAs have been identified. Of these, 77,434 
could be matched with the genome (Lu C et al 2005 
Science 309:1567). The enormous number of these 
sequences regulates several ways the expression of 
the genomes. In Arabidopsis , ~2% of the genes may 
be under the control of microRNAs. Many of these 
sequences match intergenic regions, indicating that so 
far, unannotated protein-coding genes, pseudogenes, 
and transposons are located there. Single miRNAs 
may regulate on the average five-six times as many 
genes (Vaughan MW, Martienssen R 2005 Science 
309:1525). The small RNAs usually regulate 
genes by interference (RNAi). Transfection of some 
dsRNAs into human cell lines was found to cause 
long-lasting and sequence-specific induction of 
targeted genes. dsRNA mutation studies reveal that 
the 5' end of the antisense strand, or “seed” sequence, 
is critical for activity (Li L-C et al 206 Proc Natl Acad 
Sci USA 103:17337). ►microRNA, ►RNAi, 
►piRNA, ►U-RNA, ►21U-RNA, ►pseudogene, 
► intergenic region, ►transposons, ►RNA non¬ 
coding, ►massively parallel signature sequencing, 
►transitivity; sRNA for cereals: http://sundarlab. 
ucdavis. edu/smmas/. 

Small t Antigen: ►SVTO 

Small-Pool PCR: Small-pool PCR amplifies 20-100 
molecules of minisatellite DNA from single indivi¬ 
duals within a population, and thus reveals a mutation 
rate that is >10 -3 in the sperm germline at a number 
of loci, ►minisatellite, ►PCR, ►MVR; Crawford 
DC et al 2000 Hum Mol Genet 9:2909. 

Small-World Networks: Small-world networks can 
represent models of many types of self-organizing 
biological systems, including interaction of gene 
products. Although the networks can be completely 
regular or completely random, biological interaction 
networks are usually connected neither in a complete¬ 
ly regular nor in a completely random manner, but in 
a fashion in between these extremes and 
thus represent “small-world networks.” Small-world 
networks display enhanced speed of propagation 
of signals and coordinated regulation and can be 
subjected to computational analysis (see Fig. S74). 
►networks, ►genetic networks, ►probabilistic 
graphical models of cellular networks, ►synthetic 
genetic array, ►model; diagram modified after Watts 
DJ, Strogatz SH 1998 Nature [Lond] 393:440. 
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Figure S74. Small-world network 


SMART (Simple Modular Architecture Research Tool): 
SMART facilitates annotation of protein domains. 

► domain, ► annotation; http ://smart. embl-heidel 
berg.de/; http://smart.embl.de/. 

Smart Ammunition: Drosophila P transposable element 
vectors with selectable markers to produce selectable 
(e.g., neomycin resistance) insertions, ►hybrid 
dysgenesis, ►insertional mutation; Engels WR 
1989, p 437. Mobile DNA. In: Berg DE, Howe MM 
(Eds.) Am Soc Microbiol, Washington DC. 

Smart Cells: A generalized concept that cells (genes) 
have the ability to sense internal and external cues and 
respond to them in a purposeful manner, such as 
shown in signal transduction. 

Smart Linkers: Synthetic oligonucleotides with multi¬ 
ple recognition sites for restriction enzymes; they can 
be ligated to DNA ends to generate the desired types 
of cohesive ends (see Fig. S75). ►cloning vectors, 

► cohesive ends, ►blunt end, ►blunt end ligation 

Figure S75. Smart linkers can be cut to different 
cohesive ends 


Smart-PCR: See Villalva C et al 2001 Biotechniques 
31:81. 

SMC: Proteins involved in the structural maintenance 
of the chromosomes, including condensation 
(increasing coiling), cohesion of sister chromatids, 
and segregation. The top of Figure S76 represents 
a SMC monomer. The amino and the carboxyl 
ends are globular and the two long a-helixes and a 
short hinge domain may facilitate a foldback of 
the monomer. Two folded monomers may form 
heterodimers as shown. The DNA single strand may 
wrap around the termini of the folded dimers and 


condensation is facilitated by SMC or the two 
chromatids may be hold together in cooperation with 
cohesin and the kleisin proteins. SMC proteins are 
ubiquitous among prokaryotes and eukaryotes. The 
three Muk gene products of E. coli are functionally 
homologous, ►sex determination, ►chromosome 
coiling, ►condensin, ►cohesin, ►kleisin, ►achias- 
mate; Ball AR, Yokomori K 2001 Chromosome Res 
9(2):85; Kitajima TS et al 2003 Science 300:1152; 
Milutinovich M, Koshland DE 2003 Science 
300:1101; Nasmyth K, Haering CH 2005 Annu Rev 
Biochem 74:595. 
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Figure S76. Chromosome structural maintenance 
proteins 

Smear: Preparing a soft specimen for microscopic 
examination by gentle spreading directly on the micro¬ 
scope slide, ►squash, ►sectioning, ►microscopy 

Smg p21: A protein similar to Rap 1. ►Rap 

SMGT (sperm-mediated gene transfer): In SMGT, the 
sperm internalizes DNA and by artificial insemina¬ 
tion, transgenic pigs have been produced that carry 
the human decay accelerating (hDAF) gene. The 
efficiency of transformation is high (64%) and the 
expression is very good (83%). The presence of 
dDAF is expected to help in overcoming hyperacute 
rejection of xenotransplanted organs, ►decay accel¬ 
erating factor, ►xenotransplantation, ►transforma¬ 
tion genetic; Lavitrano M et al 2002 Proc Natl Acad 
Sci USA 99:14230. 

Smith-Lemli-Opitz Syndrome (SLOS/RSH): A high 
prevalence (2 x 10 -4 ) autosomal recessive anomaly 
involving microcephalus, mental retardation, abnor¬ 
mal male genitalia, polydactily, etc., encoded in 
human chromosomes 1 Iql2-ql3 (Type I) and 7q32.1 
(Type II). Prevalence in Northern European popula¬ 
tions is 1 x 10 -4 to 2 x 10 -5 . It is caused by 
A 7 -reductase deficiency in the cholesterol pathway 
and by the accumulation of 7-dehydrocholesterol. 
Deficiency of the A 24 -reductase results in similar 
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symptoms. The afflicted individuals show mevalonic 
aciduria. This condition may also involve holopro- 
sencephaly. Some of the symptoms may overlap with 
those of the Pallister-Hall syndrome. Prenatal diag¬ 
nosis in the amniotic fluids after 15 weeks of 
gestation is feasible. A non-invasive urine analysis 
may also be practical, ►mental retardation, ►dwarf¬ 
ness, ►head/face/brain defect, ►cholesterol, ►sonic 
hedgehog, ►holoprosencephaly, ►chondrodyspla¬ 
sia; Wassif CA et al 2001 Hum Mol Genet 10:555. 

Smith-Magenis Syndrome (SMS): SMS involves head 
malformation, short brain, growth retardation, 
hearing loss, and self-destructive behavior, such as 
pulling off nails, inserting foreign objects into the ear, 
etc. The incidence is >4 x 10 -5 . In 80-90% of the 
patients, an approximately 4 Mb interstitial deletion 
heterozygosity is found at the chromosome 17pl 1.2 
region. The locus contains or is flanked by low-copy 
number repeats, which favor the occurrence of 
localized recombinations that generate deletions and 
duplications (Bi W et al 2003 Am J Hum Genet 
73:1302). In individuals without cytologically detect¬ 
able deletions, a 29 nucleotide loss was observed in 
exon 3 of the RAI1 (retinoic acid induced, 17pl 1.2) 
gene, ►mental retardation, ►self-destructive behav¬ 
ior; Slager RE et al 2003 Nature Genet 33:466. 

Smith-McCort Dysplasia: ►Dyggve-Melchior-Clausen 
dysplasia 

Smith-Waterman Algorithm: Computer analysis for 
nucleic acid sequences (Waterman MS 1988 Methods 
Enzymol 164:765). 

SMM: ► stepwise mutation model, ►IAM, ►two-phase 
model 

Smoking: Smoking is responsible for a wide variety 
of ailments such as heart disease, respiratory 
problems, cancer, etc., but it may decrease the risk 
of Parkinson’s disease. The inhalation of tobacco 
smoke by the mother may initiate cancer also in the 
fetus. Although cancer may be induced by a variety of 
genotoxic agents in the environment, the smoking 
induced alteration spectrum in the genetic material is 
different and thus can be distinguished from the 
effects of other agents. Tobacco smoke adducts 
induce a higher proportion of transversion mutations 
of the p53 gene in the lung and also increases loss 
of heterozygosity by deleting introns particularly 
at the fragile site 3 (FRA3B) region including 
FHIT (fragile histidine triad) in human chromosome 
3pl4.2. According to one report, 19/31 newborns of 
smoking mothers had the carcinogen 4-methylnitro- 
samino-l(3-pyridyl)-l-butanone in their urine. 

The smoking habit is particularly prevalent in 
affective disorders. In the brain of smokers, the level 


of monoamine oxidase B (MAOB) is 40% lower 
relative to that in non-smokers. MAOB degrades 
the neurotransmitter dopamine. Subcortical regions, 
such as the amygdala, the nucleus accumbens, and 
the mesotelencephalic dopamine system, have 
been shown in animal models to promote the self¬ 
administration of drugs of abuse. Functional imaging 
studies have shown that exposure to drug-associated 
cues activates cortical regions such as the anterior 
cingulate cortex, the orbitofrontal cortex, and the 
insula. In nicotine addiction, the insula, a narrow 
island within the brain, seems to play a critical role; 
persons with disrupted insula are more likely to be 
able to quit the addition without relapse (Naqvi NH 
et al 2007 Science 315:531). The nicotinic acetylcho¬ 
line receptors play, however, very important roles in 
the cognitive processes of the brain. Tolerance to 
smoking seems to be influenced by diet and ethnic 
background. The carcinogenic effect of smoking 
tobacco is primarily due to specific N-nitrosamines. 
Second hand smoking may also stimulate angiogene¬ 
sis and thus tumor growth (Zhu B et al 2003 Cancer 
Cell 4:191). ►Parkinson’s disease, ►dopamine, 

► affective disorders, ►nicotinic acetylcholine recep¬ 
tors, ► nicotine, ►transversion, ►intron, ►fragile 
site, ►p53, ►chemicalmutagens, ►tobacco, ►MAO, 

► infertility, ►mortality, ►small cell lung carcinoma; 
Hecht SS 1999 Mutat Res 424:127; Schuller HM 
2002 Nature Rev Cancer 2:455; environmental 
exposure: Besaterinia A et al 2002 Carcinogenesis 
23:1171; Allan M Brandt AM 2007 The Cigarette 
Century. The Rise, Fall, and Deadly Persistence of the 
Product that Defined America. Basic Books, New 
York; effect on respiratory tract genes: http://pulm. 
bumc.bu.edu/siegeDB. 

Smooth Endoplasmic Reticulum: The smooth endoplas¬ 
mic reticulum has no ribosomes on its surface. 

► SER, ►endoplasmic reticulum 

Smooth Muscle: Smooth muscles lacks sarcomeres; 
they are associated with arteries, intestines, and other 
internal organs, except the heart, ►sarcomeres, 

► striated muscles 

SMRT: A silencing-mediator of retinoid and thyroid 
hormone receptors. It is also corepressor of PPAR6. 
►retinoic acid, ►animal hormones, ►nuclear recep¬ 
tors, ►PPAR; Becker N et al 2001 Endocrinology 
142:5321. 

Smut: Infection of grasses by basidiomycete fungi, 
causing black carbon-like transformation of the 
inflorescence (by Ustilago , loose smut) or seed 
tissues (by Tilletia , covered smut). 

Snail: Helixpomatia univalens, 2n = 24. 
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Snail: A family of zinc-finger transcription factors and a 
negative regulator of E-cadherin. ►cadherin; Betlle E 
et al 2000 Nature Cell Biol 2:84; Nieto MA 2002 
Nature Rev Mol Cell Biol 3:155. 

Snakes: Reptiles represented by a large number of 
cosmopolitan species of diverse sizes up to 30 ft in 
length. Generally, they do not have legs, except some 
vestigial remnants in a few species. They use their 
protruding tongues to smell the environment. Their 
heat-sensory organs are located between the eyes and 
the nostrils, are highly sensitive, and are used to 
detect potential prey. Their teeth (fangs) with groves 
conduct their venom to the body of the prey. The 
venom sacs (in the venomous species) are modified 
from the salivary gland. Snakes are carnivorous. 
Their sexual organs are located at the end of the 
cloaca (alimentary channel). Fertilization is internal 
but the eggs are laid in the environment, although in 
some species the eggs hatch within the female body. 
Snake venom is used primarily for killing the prey. 
The prey is swallowed when dead, without chewing. 
Snake protein venoms are very diverse and have 
evolved from acetylcholinesterase, ADAM, AVIT, 
complement C3, crotasin/p-defensin, cystatin, en- 
dothelin, factor V, factor X, kallikrein, Kunitz-type 
proteinase inhibitor, LYNX/SLUR, L-amino oxidase, 
lectin, natriuretic peptide, p-nerve growth factor, 
phospholipase A 2 , SPla/Ryanodine, vascular endo¬ 
thelial growth factor, and whey acidic protein/ 
secretory leukoproteinase inhibitor (Fry BG 2005 
Genome Res 15:403). Knowledge of the physiologi¬ 
cal/molecular nature of these proteins has evolution¬ 
ary interest and is important because of its therapeutic 
relevance. 

Snake Venom Phosphodiesterase: Snake venom phos¬ 
phodiesterase releases 5'-nucleotides from the 3' end 
of nucleic acids, ►phosphodiester bond, ►phospho¬ 
diesterases 

Snap: ►NSF, ►membrane fusion, ►SNAREs 

Snap-Back: Inverted repeat sequence in nucleic acids, 
►repeat inverted, ►lollipot structure 


Snapdragon ( Antirrhinum majus)\ 2n = 16, a dicotyle¬ 
donous plant (Scrophulariaceae) much employed for 
the study of mutation (transposable elements) and 
flower pigments. It is also a popular ornamental. 
Snapdragon also has many beautiful flower morphol¬ 
ogy mutants as shown. ►TAM, ► Antirrhinum , 
►peloric, flower morphology mutants at ►mutation 
spectrum; Schwarz-Sommer Zs et al 2003 Nature Rev 
Genet 4:655; http://www.antirrhinum.net/. 

SNAREs (soluble A-ethylmaleimide-sensitive factor 
attachment protein receptor): Binding protein attach¬ 
ing vesicles (v-SNAREs) to target membranes 
(t-SNAREs) (see Fig. S77). 

They mediate, among others, transport through the 
Golgi compartments. SNAREs also mediate mem¬ 
brane fusions, alongwith plant cell wall penetration 
resistance to fungal pathogens on normally non-host 
species. (Collins NC et al 2003 Nature [Lond] 
425:973). The name has been attributed to surgical 
wire tools, by which polyps and projections are 
removed. It could also be linked with bird traps 
(snares). SNARE seems to be activated by Yptlp. 
►NSF, ►RAB, ►EEA1, ►Ypt, ►snare, ►synapto- 
brevin, ►VAMP, ►syntaxin, ► synaptogamin, 
►NSF, ►Golgi apparatus, ►membrane fusion, 
► exocytosis, ►Muncl, ►Ipkl; Bock JB, Scheller 
RH 1999 Proc Natl Acad Sci USA 96:12227; Peters 
C et al 2001 Nature [Lond] 409:581. 

SNF: SNF yeast genes are helicases involved in 
chromatin remodeling (SNF2, SNF5, SNF6, SNF 11) 
and SNF1 is an AMP-activated kinase. SNF1 senses 
depletion of ATP and increase of AMP in the cell. 
This is a ubiquitous enzyme family involved in 
carbohydrate and lipid metabolism, phosphorylation 
of transcription factors, regulating stress responses in 
plants, etc. An SNF-6 protein is an acetylcholine 
transporter in Caenorhabditis (►muscular dystro¬ 
phy). ► chromatin remodeling, ► SWI , ►5I/C2, 
►bromodomain; Eisen JA et al 1995 Nucleic Acids 
Res 23:2723; Lo W-S et al 2001 Science 293:1142. 

SNIPs (single nucleotide polymorphism, SNP): SNPs 
refer to the difference in a single nucleotide at a 
particular DNA site; these are used as genomic 
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markers for human (or other) populations. The most 
common variation involves C<->T transition in CpG 
sequences. The analysis uses DNA chips or gel-based 
sequencing and biotin-labeled probes (VDA, variant 
detector array). Several different methods exist for the 
detection of SNPs. 

The presence of a single mismatch decreases the 
electrochemical potential of the DNA. On this basis, 
transitions and transversions can be detected by the 
electrochemical response (Inouye M et al 2005 Proc 
Natl Acad Sci USA 102:11606). A survey of 2748 
SNPs indicated high degree of polymorphism (4.58 x 
10 -4 ) and mutation rate p ~ 10~ 8 to the range of about 
10% of the confirmed SNPs. Other estimates for 
average nucleotide diversity (71) were higher: 9.01 x 
10 -4 for African-Americans and 6.97 x 10 -4 for 
European-Americans (Crawford DC et al 2005 Annu 
Rev Genomics Hum Genet 6:287). Other studies 
indicated one SNIP/600 base pairs in the human 
genome (Kruglyak L, Nickerson DA 2001 Nature 
Genet 27:235). The annotated human chromosome 6 
(166,880,988 bp) contains 2761 SNPs in the protein¬ 
coding genes (Mungall AJ et al 2003 Nature [Lond] 
425:805). 

SNPs can be mapped to chromosomal location by 
radiation hybrid cell lines. If the SNP is not within 
the gene, recombination may lead to false posi¬ 
tive identification. SNPs can be generated for the 
identification of the critical base substitutions respon¬ 
sible for human disease. The majority of SNPs occur 
in non-coding regions of the genome and are non- 
informative regarding human disease (Sachidanan- 
dam R et al 2001 Nature [Lond] 409:928). Some 
SNPs in non-coding regions may, however, regulate 
gene expression. 

Mapping of SNPs can be carried out by the reduced 
representation shotgun sequencing (RRS) and by 
locus-specific polymerase chain reaction amplifica¬ 
tion (LSA). 

Frequently within a gene or within a haplotype, 
several SNPs exist and several of them may contribute 
to the disease phenotype. In order to determine their 
significance for a disease, their location within the 
haplotype requires mapping (see Fig. S78) (Carlson CS 
et al 2004 Am J Hum Genet 74:106; Livingston RJ et al 
2004 Genome Res 14:1821). If polony amplification is 
used from a buccal smear, a single microscope slide 
permits appropriate genotyping (Mitra RD et al 2003 
Proc Natl Acad Sci USA 100:5926). 

However, when many special cases of the same 
disease are analyzed, the significance of the base 
substitutions may be statistically or even causally 
determined (see Fig. S79). Generally, the number of 
SNPs is much higher in introns than in exons. For 
population genetics and linkage studies, the SNPs 
are frequently classified into types I (involving 
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Figure S78. Two-nucleotide deletion in the ABC1 trans¬ 
porter gene results in Tangier disease. Note the frame- 
shift. (Courtesy of H. Bryan Brewer, Jr. Modified after 
Remaley AT et al 1999 Proc Natl Acad Sci USA 96:12685) 

non-synonymous alterations regarding its coding 
property and being a non-conservative change), II 
(within coding region and non-synonymous yet 
conservative), III (in coding sequence but synony¬ 
mous), IV (within the non-coding 5' sequence), V 
(within the non-coding 3' sequence), or VI (in other 
non-coding regions). The type I SNPs are most useful 
for genetic analyses because they have phenotypic 
(functional) characteristics. Preliminary information 
indicates that the majority of the SNIP haplotyes 
(~80%) occurs in all ethnic groups and only 8% are 
population-specific (Patil N et al 2001 Science 
294:1719). MALDI analysis applied to SNPs may 
facilitate the analysis of QTLs (Mohlke KL et al 2002 
Proc Natl Acad Sci USA 99:16928). By March 2001, 
2.84 million SNPs had been deposited in the public 
databases and they represented 1.64 million non- 
redundant mutations (Marth G et al 2001 Nature 
Genet 27:371). The human SNP map includes 
an ever-increasing number (~8 million by 2005; 
actually 6 million are validated by 2007) of variants 
of the world population (http://www.hapmap.org). 
Regulatory SNPs were detected in the germline of 
several breast cancer genes controlling the somatic 
function, the reactive oxygen species (ROS) pathway 
(Kristensen VN et al 2006 Proc Natl Acad Sci USA 
103:7735). ►allele, ►DNA chips, ►MALDI/TOF/ 
MS, ►genotyping, ►MRD, ►radiation hybrid, 
► STS, ►QTL, ►RRS, ►LOS, ►biotinylation, 
►DASH, ►DNA repair, ►padlock probe, ►linkage 
disequilibrium, ►association test, ►polony, ►haplo¬ 
type, ►giSNP, ►haplotype block, ►Tangier disease, 
►breast cancer, ►ABC transporters, ►allele-specific 
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Figure S79. Multiplex primer extension products of the human Y chromosome of two individuals analyzed by MALDI- 
TOF mass spectrometry displaying allelic differences at the sites indicated at the top. -P indicate the primers and -A, -C, 
-G, -Tstand for the nucleotides. (Courtesy of Silvia Paracchini, Barbara Arredi, Rod Chalk, and Chris Tyler-Smith, 2002.) 


probe, ►dynamic allele-specific hybridization, 
►genotyping, ►ROS, ►PolyPhred, ►cSNP; Wang 
DG et al 1998 Science 280:1077; Sunyaev S et al 
2000 Trends Genet 16:198; Mullikin JC et al 2000 
Nature [Lond] 407:516; Buetow KH et al 2001 Proc 
Natl Acad Sci USA 98:581; Grape A et al 2001 
Science 292:1915; Roger A et al 2001 Genome Res 
11:1100; Miller RD, Kwok P-Y 2001 Hum Mol 
Genet 10:2195; Gut IG 2001 Hum Mutat 17:475; 
Werner M et al 2002 Hum Mutat 20:57; Kirk BWet al 
2002 Nucleic Acids Res 30:3295; Paracchini S et al 


2002 Nucleic Acids Res 30(6):e27; Coronini R et al 

2003 Nature Biotechnol 21:21; genotyping SNPs 

in complex DNA: Kennedy GC et al 2003 
Nature Biotechnol 21:1233; human genetic variation: 
http://www.ncbi.nlm.nih.gov/SNP; http://hgbase. 
interactiva.de; http://www.genomic.unimelb.edu.au/ 
mdi/dblist/ccent.html; tools: http://bio.chip.org/bio 
tools; medical SNP information: http://snp.cshl.org/; 
SNP: http://www.ncbi.nlm.nih.gov/entrez/query. 

fcgi?db=Snp; SNP effect: http://snpeffect.vib.be/; 
browser tools: http://genewindow.nci.nih.gov; SNP 
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with phenotypic effects: http://pupasuite.bioinfo.cipf. 
es/; medically important SNP search: http://fastsnp. 
ibms.sinica.edu.tw; SNP associations with disease 
phenotypes: http://gmed.bu.edu/; SNP in protein 
domains: http://snpnavigator.net/; coding SNP tool: 
http://www.pantherdb.org/tools/; detection of human 
nonsynonymous SNPs: http://coot.embl.de/Poly 
Phen/; sorting intolerant from tolerant amino acid 
substitutions in proteins: http://blocks.fhcrc.org/sift/ 
SIFT.html; http://www.ncbi.nlm.nih.gov/projects/ 
SNP/; SNP-short tandem repeat software for human, 
dog, mouse and chicken: http://www.imperial.ac.uk/ 
theoreticalgenomics/data-software; non-synonymous 
SNPs with relevance to disease: http://polydoms. 
cchmc.org/; SNAP annotation platforms: http://snap. 
humgen.au.dk/; http://snap.genomics.org.cn/; ethnic¬ 
ity -SNP - disease databases: http://variome.net; 
http://bioportal.net/; http://bioportal.kobic.re.kr/SNP 
atETHNIC/; SNP effect on protein structure: http:// 
glinka.bio.neu.edu/StSNP/; markers for genotyping: 
http://bioinformoodics.jhmi.edu/quickSNP.pl. 

SNO Oncogenes: Two SKI-related oncogenes. ►SKI, 
► oncogene 

Snorbozyme: A ribozyme within the nucleolus, proces¬ 
sing or degrading nucleolar RNA. (See Samarsky DA 
et al 1999 Proc Natl Acad Sci USA 96:6609). 

snoRNA (small nucleolar RNA): snoRNA is 60-300 
nucleotide in length and assists in maturation of 
ribosomal RNAs in the nucleolus, the folding 
of RNA, RNA cleavage, base methylation, assembly 
of pre-ribosomal subunits, export of RNP, etc. A 
family of snoRNAs of 10-21 nucleotides, comple¬ 
mentary to the methylation sites of rRNA, guides the 
methylation within the nucleolus. Some of the 
snoRNA genes are situated in introns. The majority 
of the snoRNAs are either box C/D or H/ACA 
snoRNA family members. All CD boxes contain 
fibrillarin and (spliceosomal) Snul3. They are 
apparently involved in splicing and alternative 
splicing (Kishore S, Stamm S 2006 Science 
311:230). ►RNA maturase, ►pseudouridine, ►in¬ 
trons, ► fibrillarin, ►spliceosome, ►non-coding 
RNA; Hirose T, Steitz JA 2001 Proc Natl Acad Sci 
USA 98:12914; Song X, Nazar RN 2002 FEBS Lett 
523:182; snoRNA database: http://www-snoma.bio 
toul.fr; snoRNA and Cajal body-specific RNA: http:// 
gene. fudan.sh.cn/ snoRN Abase .nsf. 

Snowdrift Game: One of the theories of evolutionary 
population dynamics and natural selection. An over¬ 
simplified analogy for the principle is that of drivers 
trapped on either side of a snowdrift. The drivers can 
either cooperate and both start clearing the road from 
opposite sides or one of them fails to work (defects). 
In case of cooperation, they benefit (b) by sharing the 


labor (c). The result is R = b — c/2. If both defect, the 
probability to get through is P = 0. If only one works, 
they can both get through, but the defector avoids the 
cost of labor and gets all the benefits (b — c). 
►prisoner’ dilemma; Hauert C, Doebeli M 2004 
Nature [Lond] 428:643; Nowak MA et al ibid, p 646. 

SNP: ►SNIPS 

snRNA (small nuclear RNA): Low molecular weight 
RNA in the eukaryotic nucleus, rich in uridylic 
residues. When associated with protein, sRNA 
mediates the splicing of primary RNA transcripts 
and frees them from introns through assistance of the 
lariat. The spliceosomal snRNP can be exported to 
the cytoplasm if appropriately capped, i.e., if it 
possesses the nuclear cap-binding complex, the 
export receptor CRMl/Xpol. RanGTP and the 
phosphorylated adaptor of RNA export (PHAX) are 
also required for this process. ►hnRNA, ►Ul-RNA, 
►RNP, ►Ran, ►CRM1/SXP01, ►export adaptor, 
► introns, ►spliceosome, ►lariat, ►Ohno’s law, 
►7SK RNA; M et al 2000 Cell 101:187; Kiss T 
2001 EMBO J 20:3617; 2002 Gene Expr 10(1/2). 

snRNP: Small nuclear ribonucleoprotein, (also pro¬ 
nounced as “snurp”). It is involved in the processing 
of RNA and the assembly of spliceosomes. ►KH 
domain, ►imprinting, ►spliceosome; NagengastAA, 
Salz HK 2001 Nucleic Acids Res 29:3841. 

Snurportin: An a importin-like transport protein 
handling snRPN import to the cell nucleus, ►im- 
portin, ►nuclear pore, ►snRPN; Paraskeva E et al 
1999 J Cell Biol 145:255. 

Snurposomes: A complex of the five snRNP particles 
(“snurps”) that process RNA transcripts in the Cajal 
bodies. ►URNAs, ►Cajal body, ►coiled body; Gall 
JG et al 1999 Mol Biol Cell 10:4385. 

SOAP (Simple Object Access Protocol): http://www.w3. 
org/TR/soap/. 

SOB Bacterial Medium: The SOB bacterial medium 
consists of: H 2 0 950 mL, bacto tryptone 20 g, bacto 
yeast extract 5 g, NaCl 0.5 g plus 10 mL of 250 mM 
KC1; its pH is adjusted to 7 with 5 N NaOH in a total 
volume of 1 L. Just before use add 5 mL of 2 M 
MgCl 2 . 

SOC (store-operated channel, synonym: TRP transient 
receptor potential): a group of plasma membrane ion 
channels controling the release of ions stored in the 
lumen of the endoplasmic reticulum, ►ion channels; 
Ma R et al 2001 J Biol Chem 276:25759. 

SOC Bacterial Medium: The same as SOB but contains 
glucose (20 mM). ►SOB 



1838 Social Darwinism 


Social Darwinism: The application of Darwinian views 
(survival of the fittest) to social order. Many 
anthropologists, sociologists, and ethicists rejected 
social darwinism and portend that it is an attempt to 
justify inequalities, harsh competition without adher¬ 
ence to ethics, aggression, imperialism, racism, and 
unbridled capitalism as necessities for the survival 
of the fittest. Social darwinism of the 19th century 
is no longer accepted in the developed world. 
►Darwinism, ►IQ, ►social engineering; Rogers JA 
1972 J Hist Ideas 33:265. 

Social Engineering: The Utopian idea that the genetic 
determination of an individual is unimportant in 
defining the abilities and their realization but 
education, welfare, medical service, etc., may 
determine how a person will function in a society. 
Therefore, the state and its institutions must actively 
control human life from cradle to death. However, 
even though the importance of compassion, educa¬ 
tion, caring, and multiple social safety nets are 
indispensable in a modem society, the significance of 
individuality cannot be ignored, ►social Darwinism, 
►IQ; Graebner W 1980 J Am Hist 67:612. 

Social Insects: Insects like bees, wasps, ants, and 
termites that live in a colony and generally divide 
various tasks among different castes, such as workers 
(soldiers), queen, and drones. The queen (gyne) and 
the workers and soldiers are diploid. In some species, 
the workers may produce males. The drones are 
different because they hatch from unfertilized eggs. 
The major differences between the queen and the 
workers is that the queens have predominantly 9- 
hydroxy-(E)2-decanoic acid and 9-keto-(is)2-de- 
canoic acid in their mandibular glands. The workers 
have predominantly 10-hydroxy-(is)2-decanoic acid. 
These pheromones then determine their respective 
functional roles in the colony. The workers and 
soldiers have ovaries and under certain circumstances 
(especially the soldiers) may produce haploid eggs. 
Cuticular hydrocarbons may regulate sex expression 
and convert workers into egg-laying females (gamer- 
gate), although usually smaller in size. Such a change 
in some groups may take place by physical contact of 
individuals transmitting the hydrocarbon molecules. 
Recently, the status of soldiers has been questioned as 
being genetically equivalent with the workers. The 
soldiers’ (not found in all species of social insects) 
role is protection of the colony. In the fire ant 
Wasmannia auropunctata , a widely distributed spe¬ 
cies, sex determination is unique. The queens 
produce other queens clonally (without sexual 
reproduction). The diploid sterile workers are the 
products of sexual reproduction. The males are 
derived from unfertilized eggs containing only the 
paternal genome (the maternal genome is eliminated 


from the diploid eggs). Therefore, the male and 
female genomes are completely separated (Fournier 
D et al 2005 Nature [Lond] 435:1230). ►sex 
determination, ►male-stuffing, ►ant, ►honey bee, 
►wasp; Bourke AF 2001 Biologist [Lond] 48(5):205; 
Parker JD, Hedrick PW 2000 Heredity 85(pt 6):530; 
Thome BL, Traniello JFA 2003 Annu Rev Entomol 
48:283; development of caste differences: Hoffman 
EA et al 2007 BMC Biol 5:23. 

Social Selection: Social selection is not based on 
Darwinian fitness but on the social status of 
the individual carrying the trait. A particular Y- 
chromosome is found in a large region from the 
Pacific to the Caspian Sea where the Mongols of 
Genghis Khan mled. It originated about the same 
time—about 1000 years ago—as the Mongolian 
Empire. Thus, the rapid spread of this chromosome 
may be due to the social privileges of the carriers. 
Preimplantation selection of the sex of human 
offspring is also called social selection. Its purpose 
can be the avoidance of defective children caused by 
chromosomal anomalies and hereditary disease. 
Family balancing, i.e., having children in a certain 
proportion of boys and girls is generally an ethically 
unacceptable goal. In the USA, many institutions 
object to it and refuse the medical procedure required. 
►Y chromosome, ►sex selection; Zerjal T et al 2003 
Am J Hum Genet 72:717. 

Sociobiology: The study of the biology and behavior of 
social insects and other animal communities, ►social 
insects; Wilson EO 2000 Sociobiology: The new 
synthesis. Harvard University Press, Cambridge, 
Massachusetts. 

Sociogenomics: Sociogenics studies the genetic and 
molecular biology of the functions involved in 
social life, ►kin selection, ►altruism, ►mutualism; 
Robinson GE et al 2005 Nature Rev Genet 6:257. 

SOCS-Box (suppressor of cytokine signaling): The 
SOCS-box contains a protein docking site(s) for 
protein-protein interaction and seems to be involved 
in transduction signal attenuation and ubiquitination. 
SOCS-2 /_ mice display greatly increased body 
weight caused apparently by inappropriate regulation 
of the Jak/Stat signal transduction and the IGF-I 
pathways, ►cytokine, ►signal transduction, ►CIS, 

► JAB, ►SSI-1, ►CSAID, ►ubiquitin, ►insulin-like 
growth factors; Zhang JG et al 2001 Proc Natl Acad 
Sci USA 98:13261. 

SOD (superoxide dismutase): ►superoxide dismutase, 

► amyotrophic lateral sclerosis 

SODD: ►TNFR 
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Sodium Azide (N 3 Na): An inhibitor of respiration that 
blocks the electron flow between cytochromes and 
0 2 . It is also a potent mutagen for organisms that can 
activate it. 

Sodium Channel: ►ion channels 

Sodium Dodecyl Sulfate: A synonym for sodium lauryl 
sulfate; ►dodecyl sulfate sodium salt 

Sodium Pump: A plasma membrane protein that moves 
Na + out and K + into the cells with the energy obtained 
by hydrolyzing ATP; it is also called Na + —K + 
ATPase. ►ion channels 

Soft Inheritance: Soft inheritance has been a rather 
controversial notion; its theory claims that environ¬ 
mental influences mold heredity and acquired 
characters are inherited, ►acquired characters, ►hard 
heredity of inheritance of acquired characters, 
Lamarckism, Neo-Lamarckism, Lysenkoism, and 
other ideas claiming that environmental factors 
modify the genetic material at a non-random manner 
(not including mutation or transformation) but by 
direct manner shaping adaptive traits. Epigenetics has 
shown however that some traits are transmitted to the 
progeny by their acquired status of methylation. (See 
terms in alphabetical order, ►hard heredity). 

Software: A computer program that tells the hardware 
(the computer) the applications, i.e., which instruc¬ 
tions to carry out and how. ►databases; http://www. 
sanger. ac .uk/Software/Pfam/. 

Sog: ►bone morphogenetic protein 

Soil Remediation: Soil remediation involves the remov¬ 
al of environmental pollutants from soil and water. It 
requires sensitive identification of small amounts of 
toxic and carcinogenic and mutagenic substances, 
such as arsenic, heavy metals, polycyclic hydrocar¬ 
bons, etc. ►arsenic, ►phytoremediation, ►DNA- 
zyme 

Solenoid Structure: A coiling electric conductor used 
for the generation of a magnetic field; by analogy, the 
coiled nucleosomal DNA fiber is frequently de¬ 
scribed as a solenoid, although it has no relation to 
electricity or magnetism. It merely resembles those 
coils. The DNA solenoids are about 30 nm in 
diameter, contain about six nucleosomes per turn, 
and are packed with a large number of structural and 
catalytic proteins. Actually two different models have 
been proposed for the 30 nm solenoid structure of the 
chromosome sub-fibers although neither of them has 
been fully and universally confirmed. One has been 
based on the crystal structure of a four-nucleosome 
core array lacking the linker histone and the other, far 
more compact structure, has been derived from the 
electron microscopic analysis of long nucleosome 


arrays containing the linker histone. The first model is 
of the two-start helix type, the second a one-start helix 
with interdigitated nucleosomes. Both of these 
models assume that the fiber is regulated by histones 
(Robinson PJ, Rhodes D 2006 Curr Opin Struct Biol 
16:336; Tremethick DJ 2007 Cell 128:651). ►nucle¬ 
osome, ►nuclear matrix, ►zig-zag model of chro¬ 
mosome fibers 

Solid Phase Synthesis: In a solid-phase synthesis, the 
synthesized molecules are continuously added to a 
solid support. 

Solid State Control: Solid state control is exercised by 
electric or magnetic means in solids, e.g., in a 
transistor. ► semiconductors 

Solitary LTR: Long terminal repeats that have lost their 
internal (transposase) sequences by re-combination 
and excision, ►long terminal repeats, ►retrovirus, 
►retroposon, ►retrotransposon; Domansky AN et al 

2000 FEBS Lett 472(2-3): 191. 

Solo Elements: Terminal sequences (LTR) of retro- 
posons that can exist in multiple copies without 
the coding sequences between the two direct 
repeats. ►Ty 

Soluble RNA: A somewhat outdated term for transfer 
RNA. ►tRNA 

Solute: Any substance dissolved in a solvent. 

Solution Hybridization: Molecular hybridization in a 
liquid medium, ►nucleic acid hybridization 

SOM (self-organizing map): A type of mathematical 
cluster analysis that is particularly well suited for 
recognizing and classifying features in complex, 
multidimensional data of microarray hybridization. 
The method has been implemented in a publicly 
available computer package, GENECLUSTER, that 
performs the analytical calculations and provides 
easy data visualization, ►microarray hybridization, 
► cluster analysis; Sinha A, Smith AD 1999 Micro¬ 
gravity Sci Technol 12(2):78; Haese K, Goodhill GJ 

2001 Neural Comput 13:595; Unneberg P et al 2001 
Proteins 42:460. 

Soma: Body cells distinguished from those of sexual 
reproduction (germinal cells), ►disposable soma 

Somaclonal Variation: Genetic variation occurring at a 
frequency higher than spontaneous mutation in 
cultured plant cells (see Fig. S80). (See Kaeppler 
SM et al 2000 Plant Mol Biol 43(2-3): 179). 
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Figure S80. Mitotic anomalies in a clone of tobacco 
maintained in cell culture, (a), (b) anaphase bridges, 
(c) telophase bridge, (d) the same as (c) but enlarged 
nuclei, (e) early interphase with conjoined nuclei. 
Polyploidy is also of common occurrence. (From 
Cooper LS et al 1964 Am J Bot 51:284) 

The causative mechanism is poorly understood. 
It is conceivable that the asynchrony between nuclear 
and cell divisions are accompanied by chromosomal 
damage. Also, there is evidence that movement 


of endogenous transposable elements is involved. 
The mobility is attributed to the “stress” imposed by 
the culture (see Fig. S81). 

Somatic Cell: The majority of the body cells (repro¬ 
duced by mitosis), including those of the germline but 
not the products of meiosis, the sex cells (gametes). 
► germline, ►cell lineages, ►mitosis, ►cell genetics, 
►parasexual mechanisms 

Somatic Cell Hybrids: Somatic cell hybrids are formed 
through fusion of different somatic cells of the same 
or different species. Somatic cell hybrids contain the 
nucleus of both cells and in addition all cytoplasmic 
organelles from both parents, in contrast to the 
generative hybrids where generally mitochondria and 
plastids are not transmitted through the male. 

For the fusion of cultured somatic cells, the use of 
various special techniques is necessary. Most com¬ 
monly, protoplasts are used and the fusion medium is: 




Human chromosoms unique for the clones 



Figure S81 . Selective isolation of mouse + human cell hybrids. The fused cell usually retains all mouse chromosomes but 
the human fibroblast chromosomes may be partially eliminated and in some clones only one or another human 
chromosome is maintained. (Modified after Ruddle FH, Kucherlapati RS 1974 Sci Am 231 (1 ):36) 
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polyethylene glycol [MW 1300-1600] 25 g, CaCl 2 . 
2H 2 0 10 mM, KH 2 P0 4 0.7 mM, glucose 0.2 M in 
100 mL H 2 0, pH 5.5 for plants. The best media may 
vary according to species. The isolation of somatic 
animal cell hybrids was greatly facilitated by using 
selective media (see Fig. S82). (►HAT medium). 

The fusion of animal cells is promoted by polyethyl¬ 
ene glycol, by attenuated Sendai virus, or by calcium 
salts at higher pH. Immediately after fusion, the 
somatic cells may become heterokaryotic but eventu¬ 
ally the nuclei may also fuse. The availability of fused 
cells along with loss of one set of chromosomes or 
partial deletion of chromosomes make possible the 
localization of many human genes (see Fig. S84). In 
human genetics, mouse + human cells have been used 
most commonly. In such cultures, the human chromo¬ 
somes are gradually eliminated, however, if one of the 
mouse chromosomes carries a defective gene, the 
human chromosome carrying a functional wild type 


Has TK and HGPRT 
Activities m m 

Mutant Lacking Mutant Lacking Hybrid Cell 

in Enzyme TK in Enzyme HGPRT 

Figure S82. Selective isolation of animal somatic 
cell hybrids deficient in thymidine kinase and 
hypoxanthine-guanine phosphoribosyltransferase. On 
“HAT” medium only the complementary heterokaryons 
survive. (Modified after Ephrussi B, Weiss MC 1969 Sci 
Am 220 (4):26) 


Human chromosomes 


1 2 3 4 5 6 7 8 

A + + + +- -- - 

Hybrid B + + ——+ + — — 

clones _ 

C + -+ _ + _ + _ 

Figure S83. Chromosome assignment of genes on the 
basis of incomplete clones of mouse + human cell 
hybrids. A panel of 3 clones, each containing a set of 4 
of 8 human chromosomes. If a gene is expressed 
uniquely in clone (C) but not in (A) or (B), the locus must 
be in chromosome 7. Because only C carries chromo¬ 
some 7. Additional panels are needed to test genes in the 
entire human genome. (After Ruddle FH, Kucherlapati RS 
1974 Sci Am 231(1):36) 
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Figure S84. Regional mapping of the thymidine kinase 
(TK) gene to a segment of human chromosome 17. A 
translocation was obtained between human chromosome 
17 and a mouse chromosome that was deficient for 
TK. The translocation chromosome was exposed to a 
chromosome-breaking agent that cleaved off segments 
of various lengths from the end of the translocation. When 
the segment containing the gene (TK) was removed, the 
cells carrying this broken chromosome no longer dis¬ 
played TK activity and the gene’s location was revealed at 
17q23.2-q25.3. (►human chromosome map; Modified 
after F.H. Ruddle and R.S. Kucherlapati) 



allele must be retained in order that the culture be viable 
in the absence of a particular supplement, required for 
normal function (see Fig. S83). The genetic constitu¬ 
tion of the retained human chromosome can be also 
verified by enzyme assays, electrophoretic analysis of 
the proteins, or immunological tests. For genetic 
analysis of higher mammals, and particularly in 
humans, where controlled mating is not feasible, the 
availability of somatic hybrids has opened a new and 
very productive approach. In the somatic hybrid cells, 
allelism and also synteny or linkage can be shown. 
If two or more human genes are consistently expressed 
in a particular chromosome retained, it is a safe 
conclusion that they are located in the same chromo¬ 
some. The diagram (see Fig. S83) explains the principle 
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of gene assignment. Genes can be mapped to particular 
chromosome bands by deletions. By somatic cell 
fusion, hybrids can be obtained between taxonomically 
very distant species. 


All kinds of animal cells may be fused with each 
other, and in addition plant and animal cells can also 
be fused. Some of these exotic hybrids may have, 
however, difficulties in continuing cell divisions. 
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Figure S85. Somatic-cell hybrid production between non-allelic tobacco mutants. (Redrawn by permission after 
Melchers G & Labib G 1974 Mol. Gen. Genet. 135:277) 
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Figure S86. The process of fusion of plant proto¬ 
plasts. (From Fowke LC et al 1977 Planta 135:257) 

Somatic cell fusion may also make possible the study 
of recombination between various mitochondria or 
chloroplast DNAs in cells. However, in generative 
hybrids, because of the uniparental (female) transmis¬ 
sion of the organelles, such analyses are not feasible. 
Since plant cells generally retain totipotency in culture, 
the hybrid cells may be regenerated into intact 
organisms and can be further studied in favorable 
cases by the methods of classical progeny analysis. 

►HAT medium, ►cell fusion, ►fusion of somatic 
cells, ►monoclonal antibody, ►human chromosome 
maps, ►in situ hybridization, ►mapping genetic, 
► somatic embryogenesis, ►microfusion, ►radiation 
hybrids, ►mitochondrial mutation, ►IFGT; Vasil IK 
(Ed.) 1984 Cell Culture and Somatic Cell Genetics 
of Plants. Academic Press, San Diego, California; 
Redei GP 1987 McGraw-Hill Enc Sci Technol 6th ed 
16:628. 

Somatic Cell Nuclear Transfer: After the enucleation of 
oocytes, the nucleus of somatic cells from the same or 
different animals is transferred into the oocytes and 
this way the donor cell or individual is cloned. This 
procedure was successful initially for sheep; success¬ 
ful procedures for mice, cows, goats, pigs, rabbits, 
mule, horse, rats, and dogs followed. Eventually, the 
oocytes with a new donated diploid nucleus is 
transferred into the oviduct of a female, which carries 
the embryo to term. Applying such techniques to 
human cells is restricted or prohibited in many 
countries. It may be permitted in the UK, Belgium, 
China, Singapore, South Korea and Australia under 
regulated conditions. In the USA, such research 
cannot be supported by federal funds although there 
are less and variable limitations for private of state- 
funded activities, ►nuclear transplantation, ►clon¬ 
ing; Lee BC et al 2005 Nature [Lond.] 436:641. 

Somatic Crossing Over: ►mitotic crossing over 


Somatic Embryogenesis: The formation of embryos 
either directly, or by first passing through a callus 
stage, from cultured adult plant cells or protoplasts. 
LEAFY COTYLEDON2 gene controls proteins 
involved in somatic embryogenesis of Arabidopsis 
(Braybrook SA et al 2006 Proc Natl Acad Sci USA 
103:3468). In about nine animal phyla, the germline 
is not separated from the somatic line, therefore 
gametes develop from the somatic cell lineage. The 
situation in protists and fungi is essentially similar. 
A strict germline does not exist in plants either. 
► embryogenesis somatic, ►embryo culture, ►apo- 
mixis, ►germline; Sata SJ et al 2000 Methods Cell 
Sci 22:299. 

Somatic Hybrids: ►somatic cell fusion, ►somatic cell 
hybrids, ►graft hybrids, ►microfusion 

Somatic Hypermutations: Somatic hypermutations 
generally occur in a region of one to two kilobases 
around the rearranged V-J regions of the immuno¬ 
globulin genes and very rarely extend into the C 
(constant) sections. These mutations, usually transi¬ 
tions, and predominantly involving guanine, are most 
common in the complementarity-determining region 
(CDR) and the events usually take place in the 
germinal centers. The preferred hot spots are purine- 
G-pyrimidine-(A/T) sequences, although not all these 
sequences are hot spots for mutation. The serine 
codons AGC and AGT can represent a hot spot but 
the TCA, TCC, TCG and TCT are not. The codon 
usage in the CDR region appears to be evolutionarily 
determined to secure the maximum complementarity 
to antigens. It is not entirely clear what determines 
the targeting of the hypermutations to the special area 
but transcriptional enhancers appear to be involved. 
Hypermutations are limited to the coding strand 
and occur in a downstream polarity. Deletions and 
insertions are rare. For somatic hypermutation V(D)J 
rearrangement is a prerequisite. Activation-induced 
cytidine deaminase (AID) is apparently targeted by 
replication protein A to the sites of V(J)D recombi¬ 
nation and is one factor of the hypermutations of the 
immunoglobulin genes (Chaudhuri J et al 2004 
Nature [Lond] 430:992). C is deaminated to U by 
activation-induced deamination (AID) and either 
mutagenic repair of the mismatch takes place or the 
broken strand may lead to somatic hypermutation. 
Error-prone mismatch repair machinery preferen¬ 
tially targets non-template uracils in a way that 
promotes somatic hypermutation during the antibody 
response (Unniraman S, Schatz DG 2007 Science 
317:1227). Somatic hypermutation, along with 
recombination, is the major source of antibody 
variation and increases the defense repertory in 
mammals. The Rad6/Radl8 protein may recruit 
error-prone translesion polymerases to the DNA 
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replication of immunoglobulin G (Ig) genes (Bachl J 
2006 Proc Natl Acad Sci USA 103:12081). ►im¬ 
munoglobulins, ► CDR, ►germinal center, ►lym¬ 
phocytes, ►transition, ►hot spot, ►enhancer, 
►hypermutation, ►mosaic, ►cytosine deaminase, 
►UNG, ►replication protein A, ►translesion 
pathway; Harris RS et al 1999 Mutat Res 436:157; 
Meffre E et al 2001 J Exp Med 194:375; Papavasiliou 
FN, Schatz DG 2002 Cell 109:S35; Di Nola J, 
Neuberger MS 2002 Nature [Lond] 419:43; Honjo T 
et al 2005 Nature Immunol 6:655; Di Noia JM, 
Neuberger MS 2007 Annu Rev Biochem 76:1. 

Somatic Mutation: Somatic mutation occurs in the body 
cells. It is undetectable if recessive, unless the 
individual is heterozygous. The mutation is mani¬ 
fested by sector formation. This procedure for testing 
mutability is particularly effective if multiple-marker 
heterozygotes are treated. It is not inherited to 
generative progeny unless it occurs or expands also 
to the germline. It has been successfully used for 
studies of mutation in the stamen hairs of the plant 
Tradescantia. In fungal cultures mutation in mitotic 
cells may appear as sectorial colonies. Somatic 
mutation can be studied in in vitro cell cultures. 
Recessive mutations are detectable for X-linked 
genes in hemizygous cells such as those of the male. 
The procedure is effective if it is directed toward loci 
with selectable products. If loxP is introduced into 
mammalian cells in a near centromeric region and if 
neo is inserted distal to the selectable marker, after 
random mutagenesis the Cre expressing cells— 
through recombination—produce homozygotes for 
some the mutations induced in recessive genes 
(Koike H et al 2002 EMBO Rep 3:433). Molecular 
methods (PCR) may permit the identification of the 
mechanisms involved such point mutations, chromo¬ 
somal deletions and rearrangement. The frequency of 
mutation may be affected by age, and various 
environmental factors and these can be analyzed, 
►pseudodominance, ►LOH, ►bioassays in genetic 
toxicology, ►Tradescantia stamen hairs, ►somatic 
hypermutations, ►paramutation, ►transposable ele¬ 
ments, ►mosaic, ►PCR, ►cancer, ►SNIP, ►nucel- 
lus, ►Knudson’s two-mutation theory, ► Cre/LoxP \ 
*neo; Orive ME 2001 Theor Popul Biol 59(3):235; 
p53 mutation database: http://www-p53.iarc.fr/; so¬ 
matic mutation in cancer: http://www.sanger.ac.uk/ 
genetics/CGP/cosmic/. 

Somatic Pairing: Generally, only the meiotic chromo¬ 
somes pair during prophase (possibly late interphase), 
but in some tissues, such as the salivary glands, the 
chromosomes are always tightly associated. Also, 
mitotic association of the chromosomes is a requisite 
for mitotic (somatic) crossing over in a few organisms 


where this phenomenon has been analyzed. (Dro¬ 
sophila, some fungi, Arabidopsis, etc.), ►mitotic 
recombination, ►parasexual mechanisms, ►pairing, 

► intimate pairing, ►polytenic chromosomes; 
Burgess SM et al 1999 Genes Dev 13:1627. 

Somatic Recombination: ►mitotic crossing over 

Somatic Reduction: The reduction of chromosome 
numbers during mitosis in polyploids. 

Somatic Segregation: The unequal distribution of 
genetic elements during mitoses, ►mitotic crossing 
over, ► somatic mutation, ►sorting out, ►chloroplast 
genetics, ►mosaic 

Somatogamy: The fusion of sexually undifferentiated 
fungal hypha tips, ►fungal life cycles 

Somatomedin: A second messenger-type polypeptide. 
In association with other binding proteins, it is 
involved in the stimulation of several cellular 
functions, ►insulin-like growth factor, ►pituitary 
dwarfness, ►second messenger; Deng G et al 2001 
J Cell Physiol 189:23. 

Somatoplastic Sterility: In certain plant hybrids, the 
nucellus may show excessive growth, and chokes the 
embryo to death. The embryo can be rescued if 
excised early and transferred to in vitro culture media. 

► embryo culture 

Somatostatin: A 14-20-amino acid long hypothalmic 
neuropeptide inhibits the release of several hormones 
(somatotropin, thyrotropin, corticotropin, glucagon, 
insulin, gastrin) in contrast to the growth hormone¬ 
releasing factor that stimulates the production of the 
growth hormone. The somatostatin gene has been 
mapped to human chromosome 3q28 and to mouse 
chromosome 16. Two somatostatin receptors SSTR1 
and 2 (391 and 369 amino acids, respectively) with 
very substantial homology have been identified. They 
are sevenpass-transmembrane proteins frequently 
bound to G-proteins and distributed all over the 
body, at particularly high levels in the stomach, brain, 
and kidney. The somatostatin and dopamine recep¬ 
tors may co-oligomerize. ►animal hormones, 

► G-proteins, ►seven membrane proteins, ►signal 
transduction, ►GHRH, ►dopamine, ►Langerhans 
islets, ►pancreas, ►ovarian cancer; Patel YC 1999 
Front Neuroendocrinol 20:157. 

Somatotroph: The growth hormone-secreting cell in the 
adenohypophysis (in the anterior lobe of the pituitary 
of the brain). 

Somatotropin: The mammalian growth hormone (GH, 
M r ~ 21500), it can correct some dwarfisms when its 
level is increased; also it stimulates milk production. 
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Actually, there are three human growth hormones, all 
coded at chromosome 17q23-q24. Their mRNAs 
display about 90% homology and their amino acid 
sequences are shared as well. The placental lactogen 
protein is an even more effective growth hormone, 
also located nearby, and it is highly homologous. The 
human growth hormone gene is transcribed only in 
the pituitary, whereas the homologs are expressed in 
the placental tissues. Human and other somatotropin 
genes have been cloned. Transformation of mice 
with rat growth hormone genes increased body size 
substantially, ►dwarfism, ►pituitary dwarfism, 

► stature in humans; Yin D et al 2001 J Anim Sci 
79:2336. 

Somites: Somites are paired mesoderm blocks along the 
longitudinal axis (notochord) of an embryo that give 
rise to the vertebral column and other segmented 
structures. After migration, they may form the 
skeletal muscles. The development of the somites is 
controlled mainly by the Notch Wnt family and 
associated proteins. ►Notch, ► wingless ; Pourquie O 
2001 Annu Rev Cell Dev Biol 17:311; Pourquie O 
2003 Science 301:328. 

Somitogenesis: The differentiation of the somites. 

► somites 

Son of Sevenless: *SOS 

Sonic Hedgehog (Shh, human chromosome 7q36): A 
vertebrate gene that provides information in the 
head-tail direction for development; it is a rather 
general signaling protein of animal differentiation. 
Shh contributes to the specification of the notochord, 
brain, lung, and foregut. It is homologous to the 
Drosophila hedgehog (j hh ) gene; its receptors are 
patched (ptc) and smoothened (, smo ), signaling factor 
genes. A freely diffusible Shh is modified by 
cholesterol and a balance of Patched and the 
Hedgehog-interacting proteins (Hip) regulates it. 
Defects in patched may cause various carcinomas, 
medulloblastoma, and rhabdomyosarcoma. These 
genes have regulatory functions in oncogenic develop¬ 
ment. Patched activates apoptosis in neuroepithelia if 
its Sonic Hedgehog ligand is missing (Thibert C et al 
2003 Science 301:843). ► hedgehog , ►notochord, 
►holoprosencephaly, ►GLI, ►medulloblastoma, 
►rhabdomyosarcoma; Villavicencio EH et al 2000 
Am J Hum Genet 67:1047; Cohen MM Jr 2003 Am J 
Med Genet 123A:5; Ingham PW, Placzek M 2006 
Nature Rev Genet 7:841. 

Sonicator: An ultrasonic (~20 kHz) equipment used for 
disrupting cells to extract contents. 

Sonography: A method of ultrasonic prenatal analysis 
of possible structural and other defects in heart, 
kidney, bone, sex organs, umbilical chord, body 


movements, and for verifying pregnancy, etc. Pre¬ 
sumably, it entails no appreciable risk, ►ultrasonic, 
►prenatal diagnosis, ►fetoscopy 

SopE: A guanyl-nucleotide-exchange factor for Rho 
and Rac GTPase proteins. It participates in the 
reorganization of the cytoskeleton and mediates 
bacterial entry into mammalian cells. After entry of 
the bacteria, SptP (GTPase-activating protein) re¬ 
stores the cytoskeleton. ►Rho, ►Rac, ►GTPase, 
►cytoskeleton 

Sordaria fimicola (n = 7): An ascomycete with linear 
spore octads. It has been extensively used for genetic 
recombination. A large number of mutants is 
available. In the 1940s, it was suspected that sexuality 
is relative in this fungus, but now it’s been found that 
the poor maters are just weak mutants. 

SORF: The short ORF generally includes not many more 
than 15 codons, ►codon, ►ORF 

Sorghums: Arid, warm region crops. S. bicolor (and 
kaoliang), 2n = 2x = 20. S. halepense (Johnson grass) 
is tetraploid. Their nutritional value compared to other 
grain crops is lower because of the tannin content and 
low lysine level of the grain. The folding of its proteins 
(kafirin) lowers digestibility. Mutant varieties exist, 
however, that correct these deficiencies (see Fig. S87). 
(See Oria MP et al 2000 Proc Natl Acad Sci USA 
97:5065; Klein PE et al 2000 Genome Res 10:789; 
molecular cytogenetics: Kim J-S et al 2005 Genetics 
179:1963; http://www.tigr.org/tdb/tgi/). 



Sori: ►sorus 

Sorrel: A light chestnut fur color of horses, determined 
by homozygosity for d gene; similar brownish color 
in other mammals. The sorrel plants Rumex acet- 
osella , R. scutatus are used as tart vegetables. The 
sorrel tree is Oxydendron. ► Rumex 

Sorsby Syndrome: ►night blindness, ►Stargardt 
disease 

Sortase: A bacterial enzyme that anchors surface 
proteins to the bacterial cell wall. These surface 
proteins promote interaction between the pathogen 
and the animal cell. Also, these proteins mediate 
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escape from the immune defense system of the animal 
cell. (See Muzmanian SK et al 2001 Mol Microbiol 
40:1049). 

Sortins: Proteins that inhibit the vacuolar sorting of 
small molecules. (See Zouuhar J et al 2004 Proc Natl 
Acad Sci USA 101:9497). 

Sorting: The mechanism that ensures that molecules 
(isozymes) are directed into the appropriate cellular 
compartments (cytosol, nucleus, mitochondria, chlor- 
oplasts). The sorted proteins are generally equipped 
with special NH 2 -end signals, generated by differen¬ 
tial transcription, and/or translation. This process is 
assisted by trans-acting transmembrane proteins and 
glycosylphosphatidylinositol-linked proteins, ►tran¬ 
sit peptide, ► chloroplasts, ►mitochondria 

Sorting Out: In sorting-out, genetically different 
organelles (plastids, mitochondria) segregate into 
homogeneous groups of cells or during embryogene- 
sis cells of common origin reaggregate in order to 
form certain cell types and/or structures (see 
Fig. S88). 


Figure S88. When variegation is caused by a 
mutation in a nuclear gene all the plastids within a 
cell are either green or colorless (left). Mutation in the 
chloroplast genetic material display sorting out at the 
boundary of sectors, i.e., cells with both green and 
colorless plastids occur (mixed cells) and in a non¬ 
stochastic process cells with all colorless and all green 
plastids appear in later sectors (right). 

The segregation of two different types, A and B, of 
mitochondria in a heteroplasmic cell line may be 
characterized by the formula of Solignac, M. et al 
(Mol Gen Genet 197:183): V n = p 0 (1 - p 0 )(l - [1- 1/ 
N] n ) where V n is the variance of p (the fraction of A 
within a cell) at the nth cell generation and p 0 = the 
fraction of A in the original cell line, N is the number 
of sorting out units. In Schizosaccharomyces , the 
distribution of the mitochondria is mediated by 
microtubules. 


In humans, the frequency of mutation in mtDNA is 
10 times higher than that in the nuclear DNA, yet 
heteroplasmy is very rare except in some diseases. 
Despite the fact that the number of mitochondria in 
mammalian cell runs to the thousands per cell, 
usually the replication switches to one type. The 
number of the founder mtDNAs has been estimated 
within wide ranges of 1-6 and 20-200 in cattle, and 
in Drosophila 370-740. These founders then undergo 
a restriction/amplification type of replication, i.e., 
they pass through a bottleneck and therefore hetero¬ 
plasmy is very limited. ►ctDNA, ►plasmone muta¬ 
tion, ►plastid number, ►mtDNA, ►mitochondrial 
genetics, ►heteroplasmy, ►Romanovs; for mitochon¬ 
drial sorting, see also Kowald A, Kirkwood TBL 1993 
Mutat Res 295:93. 

Sorus (plural sori): A group of sporangia, such as found 
on lower surface of fern leaves. 

SOS (son of sevenless, human homolog at 2p22-p21): A 
Drosophila gene that functions downstream from 
sevenless , encoding a receptor tyrosine kinase (RTK) 
in the light signal transduction pathway. SOS is 
a guanine nucleotide releasing protein (GNRP/ 
GNRF), it is also called guanine-nucleotide exchange 
factor, GEF, and it interacts with RTK through the 
protein Drk receptor kinase, a homolog of the 
vertebrate Grb2, and SEM-5 in Caenorhabditis . 
These proteins function in a variety of signal 
transduction pathways involving EGF. SOS is 
frequently also called a mediator protein. ►BOSS, 
►DRK, ►Grt^, ►receptor tyrosine kinase [RTK], 
►rhodopsin, ►signal transduction, ►GNRP, 
► daughter of sevenless, ►Noonan syndrome; Hall 
BE et al 2001 J Biol Chem 276:27629; Sondermann 
H et al 2004 Cell 119:393; crystal structure-function: 
Freedman TS et al 2006 Proc Natl Acad Sci USA 
103:16692. 

SOS Recruitment System (SRS): A tool in proteomics. 
A temperature-sensitive cdc25-2 allele of yeast 
permits grows at 25 °C, but not at 36°. Normally 
this protein, when localized to the plasma membrane, 
facilitates Ras guanyl nucleotide exchange and via 
signal transduction events promotes cell growth. The 
human homolog (hSOS) is complementary for the 
mutant and secures growth at the otherwise non- 
permissive regime. The hSOS function requires 
protein-protein interaction that is secured by fusing 
a bait to the C-end of the truncated protein. The co¬ 
expressed bait and prey are targeted to the membrane. 
The prey is either an integral membrane protein or a 
soluble protein, which after myristoylation signaling 
attaches to the membrane, and then growth is 
restored, ►two-hybrid system, *CDC25, ►proteo¬ 
mics; Auerbach D et al 2002 Proteomics 2:611. 
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SOS Repair: An error-prone repair. ►DNA repair 

Sotos Syndrome: ►cerebral gigantism 

Source Habitat: In a source habitat, some individuals 
contribute more to the future generations than do the 
average individuals. ► sink habitat, ►habitat 

Southern Blotting: In Southern blotting, DNA frag¬ 
ments cut by restriction endonucleases are separated 
on agarose gel by electrophoresis, then transferred to 
membrane filters by blotting, to hybridize the pieces 
with radioactively (or fluorescent) labeled DNA or 
RNA and then identify the physical sites of restriction 
fragments and genes. The transfer to membranes may 
be achieved by capillary action of wicks and DNA is 
sucked through layers of filterpapers on top or by 
vacuum-driven devices (see Fig. S89). ►restriction 
enzyme, ►RFLP, ►autoradiography, ►biotinylation, 
► fluorochromes, ►nucleic acid hybridization, 
►membrane filters 
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Figure S89. Southern blot 


and successful beginning. In 1944, L.C. Dunn, 
Professor of Zoology at Columbia University noted: 
“There are today literally hundreds of trained 
genetical investigators in the U.S.S.R., certainly more 
than in any other country outside the U.S.A.” 
(Science 99:2563). This outstanding research and 
teaching establishment was destroyed, however, in 
1948 and geneticists suffered humiliation, persecu¬ 
tion, and almost total physical annihilation for a 
period of over 20 years by lysenkoism. ►lysenkoism, 
►Mitchurin 

SOX (SRY type HMG box): Mammalian genes (~30) 
encoding proteins with over 60% similarity to the 
HMG box of SRY. The SOX9 gene is critical for the 
differentiation of the Sertoli cells and chondrocytes. 
Sox genes apparently encode transcription factors, 
are capable of transactivation of genes involved in 
gonadal differentiation, are involved in cartilage 
formation, and induce testis development in chro- 
mosomally XX mice (Vidal VPI et al 2001 Nature 
Genet 28:216). The bacterial Sox genes are involved 
in superoxide responses. The mammalian SOXs bind 
to an 5 '-(A/T)(A/T)CAA(A/T)G site in the DNA and 
regulate the expression of the LINE-1 retrotranspo- 
sons in human cells. The different SOX genes use 
different short DNA sequences for binding specific 
transcription factors. SOX3 transcription factor 
defects may involve X-linked mental retardation 
and growth hormone deficiency (Laumonnier F et al 
2002 Am J Hum Genet 71:1450). Several human 
syndromes have mutation in Sox genes. ►SRY, 
►HMG, ►campomelic dysplasia, ►Wolffian duct, 
► Shah-Waardenburg syndrome, ►Hirschsprung dis¬ 
ease, ►LINE, ►anti-Miillerian hormone, ►Sertoli 
cells, ►lymphedema, ►stem cells; Kamachi Y et al 
2000 Trends Genet 16:182; Takash W et al 2001 
Nucleic Acids Res 29:4274; Wilson M, Koopman P 
2002 Curr Op Genet Dev 12:441. 


Southern Hybridization: ►Southern blotting 

South-Western Method: The simultaneous labeling of 
cDNA and binding proteins (transcription factors). 
The screening is carried out by hybridizing labeled 
probes of DNA to bind to polypeptides immobilized 
on nitrocellulose filters. ►Southern blot, ►Western 
blot 

Soviet Genetics: The term Soviet Genetics is not meant 
to define a special genetics because science does not 
have ideological, political, or ethnic attributes and it 
transcends all boundaries. A sad exception is “soviet 
genetics,” a misnomer because it did not involve 
genetics at all and it collapsed before the implosion of 
the political system that nurtured and enforced it. 
Genetics in the Soviet Union had a very remarkable 


Soybean: Glycine max (2n = 40, ~ 1100 Mb); the basic 
chromosome number may be x = 10. Some related 
species are tetraploid. This crop is of great economic 
significance because of the high oil (20-23%) 
and high protein content (39^10%) of the seed. 
► legumes; polyploidy in the genome: Walling JG 
et al 2006 Genetics 172:1893; for gene index: http:// 
www.soybase.org;http://soybeangenome.siu.edu. 

sp: sp as a prefix indicates Schizosaccharomyces pombe 
(fission yeast) DNA, RNA or protein. 

Spl: A mammalian protein, a general transcription 
factor for many genes recognizing the DNA 
sequence: CCCGCC* Spl elements also protect CpG 
islands of housekeeping genes from methylation. Spl 
requires the general transcription factor TFIID and 
the complex CRSR Sp3 and Sp4 are very similar; the 
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latter is expressed in the brain, ►transcription factors 
inducible, ►transcription factors, ►CRSP, ►DNA 
methylation, ►LCR, ►MDM2; Nicolas M et al 2001 
J Biol Chem 276:22126. 

Space Flight: The genetic effects of space flight are not 
entirely clear. The microgravity in cooperation with 
space radiation may have adverse stress conse¬ 
quences. (See White RJ, Avemer M 2001 Nature 
[Lond] 409:1115). 

Space Search: An experimental study of large-scale 
protein matrix for detection of interactions. ►OR- 
FEeome 

Spaced Dyads: Many regulatory sites include a pair of 
conserved trinucleotides, which are spaced by a non- 
conserved tract of fixed length. Genes with fiinction(s) 
coordinated by a common regulatory element are 
expected to share upstream binding sequences. These 
elements contain fixed sites for a linker domain and 
the dimerization domain of transcription factors. Their 
analysis facilitates the identification of co-regulated 
genes. (See van Helden J et al 2000 Nucleic Acids Res 
28:1808). 

Spacer DNA: Non-transcribed nucleotide sequences 
between genes (IGS) in a cell. In the rDNA, there 
are spacers within (internal transcribed spacers, ITS) 
and between gene clusters (external transcribed 
spacers, ETS). These were thought of earlier as not- 
transcribed tracts but actually they represented very 
short transcripts. Animal mtDNA genes generally 
have very short (few bp) spacers. In fungi, mtDNA 
spacers are common and variable in length because of 
recombination and slippage during replication; they 
may also be mobile. Plastid genes of higher plants are 
organized into operons without interruptions. Inser¬ 
tions, deletions, and unequal recombinations deter¬ 
mine the length of the spacers, ►ribosomal RNA, 
►rm; ITS2 database: http://its2.bioapps.biozentrum. 
uni-wuerzburg. de/. 

Spanandric Males: Spanandric males occur rarely 
within hermaphroditic species and are sterile. 

Spasmoneme: A rod-like thin bundle of filaments (2 nm 
each), forming a cytoplasmic organelle of 2-3 mm in 
extended form. When exposed to calcium, it contracts 
and serves as an engine for the movement of different 
structures within the cell of celiated protozoa. 
► centrin; Maciejewski JJ et al 1999 J Eukaryot 
Microbiol 45(2): 163. 

Spasticity: Muscle tone; its increase causes lack of 
coordination in movement as it occurs in various 
diseases affecting the brain, such as stroke, spinal 
cord injuries, etc. 


Spastic Paraplegia (Strumpell disease, SPG): A 
collection of paralytic diseases encoded by at least 
14 loci under a variety of genetic control, recessive, 
dominant autosomal, and Xq2 8 -linked. Genes 
responsible for the disease have been mapped to 
14q (SPG3), 2p21 -p22 (SPG4), 15q (SPG 6 ), 12ql3, 
and 8 q (SPG 8 ). Currently, 20 genes have been 
mapped and eight more have been identified. The 
common denominator of these various genes appears 
to be aberrant cellular transport (Crosbyl AH, 
Proukakis C 2002 Am J Hum Genet 71:1009). The 
most prevalent form (40-50%) is SPG4, which 
encodes an AAA protein, spastin, in the micro¬ 
tubules. Atlastin, a Golgi-localized GTPase protein 
interacts with spastin in axon maintenance (Evans K 
et al 2006 Proc Natl Acad Sci USA 103:10666). A 
mitochondrial ATP-dependent protease (m-AAA) 
defect interferes with ribosome assembly in the 
mitochondria and with the maturation of the L32 
mitochondrial protein (Nolden M et al 2005 Cell 
123:277). SPG13 is formed due to a mutation 
in mitochondrial Hsp60. ►heatshock proteins, 
►Pelizaeus-Merzbacher disease, ►Silver syndrome, 
►AAA proteins, ►ribosomal proteins, ►mitochon¬ 
drial diseases in humans; Vazza G et al 2000 Am J 
Hum Genet 67:504; Svenson IK et al 2001 Am J Hum 
Genet 68:1077; mutations in the receptor-enhancing 
protein (2p22) in the mitochondria: Zuchner S et al 
2006 Am J Hum Genet 79:365. 

Spaying: The neutering of a female, ►castration 

SPB: ►spindle pole body 

Spearman Rank-Correlation Test (SPC): SPC deter¬ 
mines the relations between two variables without 
elaborate calculations (Table S3). 

The SR correlation coefficient, r = 1 — , 

for example, 1 — 7137 = 0.75 

In case of ties, correction can be used, T = m ^= m 
where m stands for the number of measurements or 
classifications of identical values. If, for example, 
there are three measurements of 5, two measurements 
of 7, and two amounting to 8 , the correction for ties 
among the X trait variables becomes: Sum Tx = 

+ + - j y an d in a similar way, the correction for 

ties can be determined in the Y series. Now we can 

r\ 3 

obtain the terms: Sum X = - SumTx, and Sum 

Y 2 = - SumTy, and r = Sumx 2 +SumY 2 -Sumd 2 

12 2 Y SumX 2 SumY 2 

It is a non-parametric test and can also be used for 
the comparison of traits that cannot be measured but 
can be classified subjectively (on the basis of their 
appearance). If the traits are quantified by measures, 
they are ranked according to their relative magnitude, 
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Table S3. Example of hypothetical data for the calculation of the Spearman Rank Correlation test 


Pairs 

Trait X 

Rank 

Trait Y 

Rank 

Difference 
of Ranks ( d) 

d 2 

1 

8 

3 

14 

2 

1 

1 

2 

10 

5 

20 

7 

-2 

4 

3 

12 

7 

17 

5 

2 

4 

4 

9 

4 

15 

3 

1 

1 

5 

6 

1 

13 

1 

0 

0 

6 

11 

6 

18 

6 

0 

0 

7 

7 

2 

16 

4 

-2 

4 






Sum d = 0 

Sum d 2 = 14 


i.e., by assigning the highest rank to the largest. If an 
exact measurement is impractical (e.g., degree of 
susceptibility), they are simply ranked. In case of ties, 
an equal rank is assigned to both. The differences of 
the rank scores are squared and summed. Tables 
constructed for various degrees of freedom can be 
used to determine the probabilities, ►correlation, 
►non-parametric tests, ►statistics 

Specialized Transduction: In specialized transduction, 
the transducer temperate phage picks up a piece of 
the host DNA at the immediate vicinity of its 
established prophage site (and generally leaves 
behind a comparable length of its own). When this 
modified phage infects another bacterium, it may 
integrate into the host genome the gene that it picked 
up from the previous host. Lambda phage (Xdgal; 
meaning a defective lambda that carries gal) is a 
typical specialized transducer with preferred site near 
17 min on the map next to the gal locus, and it is a 
specialized transducer of this gene. Another well- 
known specialized transducer phage is c|)80trp that 
can carry the tryptophan operon (at about 27 and 
1/2 min). The specialized transducer phage must 
be a temperate phages, which transduces (only) 
the special gene located at its integration site. Gene 
transfer in eukaryotes by transposable elements, the 
genetic vectors, is a process similar to prokaryotic 
transduction, ►transposable elements, ►transforma¬ 
tion genetic, flowchart of specialized transduction on 
Figure S90, ►high-frequency lysate, ►double lyso¬ 
genic, ►helper virus, ►bacterial recombination; 
Morse ML 1954 Genetics 39:984. 

Speciation: The process by which a new species 
diverges from an ancestral species. Evolutionists 
may distinguish conventional methods of specia¬ 
tion when geographic isolation and accumulated 


mutations cause eventually reproductive isolation. 
According to the quantum model of speciation, the 
divergence begins with spatial isolation followed by 
the survival of a few new types of individuals that 
give rise to reproductively isolated new forms as 
mutations accumulate. Saltational speciation comes 
about by sudden major mutations. Parapatric (or 
stasipatric) speciation occurs without geographic 
separation and it is initiated from a relatively small 
number of individuals that produce divergence under 
continued natural selection. Sympatric speciation 
occurs within the original area of dispersal, due to 
the emergence of a genetic isolation mechanism or 
sexual selection. In homoploid hybrid speciation , two 
ancestral taxa give rise to a third by hybridization 
without a change of chromosome number, and it may 
occur in the parasitic species of animals (Schwarz D 
et al 2005 Nature [Lond] 436:546). Reproductive 
isolation required for speciation may involve hybrid 
sterility, hybrid inviability, or special mate preference 
(Ortiz-Barrientos D, Noor MAF 2005 Science 
310:1467). Strong assortative mating among the 
hybrids, favored by the wing pattern of Heliconius 
butterflies, favors hybrid speciation (Mavarez J et al 
2006 Nature [Lond] 441:868). The mechanism of 
speciation in plants and animals differs because in 
animals, in contrast to plants, behavioral traits may 
also lead to speciation. In plants, sterility may not 
necessarily hinder propagation because some species 
reproduce primarily by vegetative means and they 
can practice both autogamy and cross-pollination. 
Chromosomal rearrangements and the action of 
transposable elements may lead to hybrid sterility, 
sexual isolation, and eventually speciation. ►evolu¬ 
tion, ► sibling species, ►phylogeny, ►co-speciation, 
►theory of evolution, ►saltation, ►neo-Darwinism, 
►neo-Lamarckism, ►species, ►fertility, ►reproduc¬ 
tive isolation, ►Mullerian mimicry, ►hybrid zone, 
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Normal lambda phage 
Synapses at the attachment 
point of the bacterial 
genophore carrying the 
gal + (g + ) gene. 




Integration of the phage 
by reciprocal exchange. 


The phage is integrated 
with the bacterial genophore 
in the vicinity of the g + gene. 



8 Insertion of the 
phage. 

results in 



9 Specialized transduction 

(heterogenote). 



The above process is reversed; 
the phage region forms a loop, 
including the g + region of the 
host but excluding the h gene 
of the phage. 


A defective lambda phage 

is the result; it lacks 
h but contains g + . 


6 Specific nucleases may convert 
™ the phage DNA into a linear 

9 structure with complementary 

cohesive ends where it may be 
converted into a circle again. 



partially diploid 
bacterium and 


10 Normal lambda phage 
may be inserted in 


11 double lysogenic 
transductant 
is produced. 


Figure S90. Specialized transduction (Modified after Stent GS 1971 Molecular Genetics. WH Freeman, San Francisco) 


► introgressive hybridization; Noor MAF, Feder JL 
2006 Nature Rev Genet 7:851; plant speciation 
review: Rieseberg LH, Willis JH 2007 Science 
317:910; comprehensive compendium of species: 
http ://species .wikipedia. org . 

Species: A potentially interbreeding population, which 
shows reproductive isolation from other species 
(see discussion of the definition on p 371 and ff 
in Dobzhansky T 1949 Genetics and the Origin 
of Species. Columbia University Press, New York). 
Horizonmtal transfer of genes among bacteria 
mediated primarily by phages or direct DNA uptake 
in natural environment challenge the classical 
concept of species (Goldenfield N, Woese C 2007 
Nature [Lond] 445:369). Also, recombination in 
mixed populations may be a force of speciation 
(Fraser C et al 2007 Science 315:476). The transgenic 


technology somewhat confuses the classical defini¬ 
tion because of the possibility of exchanging genes 
among totally different taxonomic categories. The 
number of eukaryotic species is not known but about 
10 6 have been described. Expectations are that 
between 3 to 10 fold more existing have not been 
discovered yet. By shotgun genome sequencing of 
mass collection of seawater microbes in the Sargasso 
Sea, 148 new bacterial phylotypes were discovered 
representing >1.2 million so far unknown genes (Venter 
JJ et al 2004 Science 304:66). ►speciation, ►sibling 
species, ►phylotype, ►shotgun sequencing, ►fertility, 
►sexual isolation, ►species extant, ►transgene, 
►OTU, ►endangered species act, ►horizontal trans¬ 
mission; identification by genome profile: Watanabe T 
et al 2002 Genome Biol 3(2):res.0010; description of 
^270,000 species of all types of organisms: http:// 
www. disco verlife. org/. 
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Species Extant: With the increase of agricultural, 
industrial, and changing land use the currently alive 
(A), % extinct (E), and % threatened (T) species 
indicate an alarming reduction of biodiversity: 
molluscs (A) 10 5 , (E) 0.2, (T) 0.4; crustaceans: (A) 
4-10 3 , (E) 0.01, (T) 3; insects(A) 10 6 , (E) 0.005, (T) 
0.07; vertebrates total (A) 4.7 x 10 4 , (E) 0.5, (T) 5; 
mammals (A) 4.5 x 10 3 , (E)l, (T) 11; gymnosperms 
(A) 758, (E) 0.3, (T) 32; dicots (A) 1.9 x 10 5 ; (E) 0.2, 
(T) 9; monocots (A) 5.2 x 10 4 , (E) 0.2, (T) 9. (Data 
from Smith FDM et al 1993 Nature [Lond] 364:494). 
Within these larger categories, some species are much 
more endangered that the figures indicate. These 
numbers are not exactly valid because new species 
are being discovered. Between 1980-90 more than 
100 new mammals have been identified. The 
extinction percentages date from the year 1600 A. 
D. According to Dobson, A.P. et al 1997 (Science 
275:550) in the United States of America, the number 
of endangered species is 503 plants, 84 molluscs, 57 
arthropods, 107 fish, 43 herptiles, 72 birds, and 58 
mammals. Important factors affecting the survival of 
the feral species is the annual increase of the human 
populations (1.7%), urbanization, industrial and 
livestock production, pollution, and natural disasters. 

According to the World Conservation Union 1996 
biennial report (http://www.iucn.org/themes/ssc/in 
dex.html), currently 5205 species are endangered 
and risk extinction. Actually, the number of species is 
still unknown and the latest estimates vary from 3.5 to 
10.5 million, about a third lower than some earlier 
estimates. The number of species in an environment 
has been extrapolated on the basis of the diversity of 
the 16S RNA of microorganisms. A new complex 
type of statistical approach is expected to provide 
better estimates than the most commonly used 
extrapolation from the lognormal distributions 
(Hong S-H et al 2006 Proc Natl Acad Sci USA 
103:117). Around the world, 595 sites are in danger 
of imminent extinction. Of these, 203 are within 
partially protected and 87 in declared protected areas; 
27 sites are known to be unprotected, and 48 sites have 
unknown protection status. In 2005, 794 species were 
in imminent danger, three times as many as have 
gone extinct since 1500 (Ricketts TH et al 2005 
Proc Natl Acad Sci USA 102:18497). ►species, 
► lognormal distribution, ►conservation genetics; 
2000 Nature [Lond] 405:207 ff; 2001 Proc Natl Acad 
Sci USA 98:5389 ff; Alroy J 2002 Proc Natl Acad Sci 
USA 99:3706; Pitman NCA, Jorgensen PM 2002 
Science 298:989; Convention on International Trade of 
Endangered Species (CITES) 1973 Public law 93-205. 

Species, Synthetic: Synthetic species are produced in 
the laboratory by crossing putative ancestors of 
amphidiploid forms, which are partially isolated 


genetically. Doubling the chromosome number of 
the hybrids prevents the sterility of the offspring. The 
synthetic species permit a verification of the putative 
evolutionary path of existing polyploid species by 
studying the pairing behavior of chromosomes, the 
frequency of chiasmata, the number of univalents and 
multivalents formed, etc. These classical cytogenetic 
methods may be supplemented with nucleic acid 
hybridization, in situ hybridization, study of proteins, 
nucleic acid sequences, etc. Some of the hybrid 
species if they ever occurred in nature, were not 
maintained by natural selection (see Fig. S91). 

► allopolyploids, ► Triticale , ► Raphanobrassica , 

► Mycoplasma , ►synthetic virus, ►speciation, 

► evolution 



Figure S91. Middle: Triticale (2n = 56), Left: Wheat 
(2n = 42), Right: Rye (2n = 14). (Courtesy of Dr. Arpad 
Kiss) 


Specific Activity: The number of molecules of a 
substrate (pmol) acted on by enzymes (mg protein) 
per time (minutes) at standard temperature (25 °C). 
Also, it means the relative amount of radioactive 
molecules in a chemical preparation. 

Specific Combining Ability: ►combining ability 

Specific Heat: Joules or calories required to raise the 
temperature of 1 g substance by 1 °C. 

Specific Locus Mutations Assays (SLT): SLTs have 
been used to detect X-chromosomal mutations in 
hemizygous males (mouse), in autosomal heterozy¬ 
gotes for special fur color genes such as the Oak 
Ridge stock heterozygous for a, b, p, c ch , se, d, s or the 
Harwell tester stock (HT) heterozygous for six loci 
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{a, bp, fz, In, pa, pe ), or heterozygotes for thymidine 
kinase or hypoxanthine-guanine phosphoribosyl- 
transferase genes in different mammalian cell cultures 
(mouse, Chinese hamster ovary cells). Mutation of 
the wild type allele is then immediately revealed in 
the first generation. Similar procedures are applicable 
also in plants and any other diploid systems. The 
animal assays are not as simple as the microbial 
assays, e.g., the Ames test, but they are considered 
to be more relevant to human studies, ►bioassays 
in genetic toxicology, ►mutations in human popula¬ 
tions, ►doubling dose; Cattanach BM 1971, p 535. 
In: Chemical Mutagens. Hollaender A (Ed.) Plenum, 
New York. 

Specific Rotation (a): The degrees of the plane of 
polarized light rotated by an optically active com¬ 
pound of specific concentration at 25°C: (a) =g, 
where the r = rotation in degrees, v = volume in cubic 
centimeter of the solution, 1 = length in centimeters of 
the light path. 

Specificity: A measure of discrimination among 
compounds. In DNA sequencing, it is the correctly 
predicted bases divided by the sum of the 
correctly and incorrectly predicted bases. 

Specificity of Mutagen Assays: The percentage of 
correct identifications by presumably “non-carcino- 
genic” (“non-mutagenic”) agents, ►sensitivity, ►ac¬ 
curacy, ►predictivity, ►bioassays in genetic 
toxicology 

Speckles, Intranuclear (IGCs): IGCs are storage areas 
for primary RNA transcript processing factors; the 
speckles may not be the compartments of the 
eukaryotic splicing, which takes place rather in 
association with transcription, ►splicing, ►introns, 
►paraspeckles; Eilbracht J, Schmidt-Zachmann MS 
2001 Proc Natl Acad Sci USA 98:3849. 

Spect: ►tomography 

Spectinomycin: Spectinomycin inhibits the transloca¬ 
tion of charged tRNA from the A site to the P site of 
the prokaryotic ribosome by interfering with elonga¬ 
tion factor G (see Fig. S92). 



Figure S92. Spectinomycin 


Spectral Genotyping: Spectral genotyping uses molecu¬ 
lar beacons labeled with different fluorophores. 


When the probes for the wild type (green) and for 
the mutant with one base substitution (red) are fluor- 
ophore labeled, the homozygous wild type (green) 
can be distinguished from the heterozygote’s DNA 
(displaying both green and red) and the homozygous 
mutant showing only the other color (red). The 
potential color of the fluorophores can be chosen 
arbitrarily. This procedure can distinguish genotypes 
in clinical diagnostic analyses without DNA sequenc¬ 
ing. Electrochemical examination of conformational 
alterations is also detectable at very low concentra¬ 
tions (10 pM). ►beacons molecular, ►fluorophore; 
Kostrikis LG et al 1998 Science 279:1228; Fan C et al 
2003 Proc Natl Acad Sci USA 1009134. 

Spectral Karyotyping: In spectral karyotyping, the 
chromosomes or chromosomal segments are hybri¬ 
dized with probes of fluorescent dyes in a combina¬ 
torial manner. Five dyes (Cy2, Spectrum Green, Cy3, 
Texas Red, and Cy5) provide enough combinatorial 
possibilities to “paint” each chromosome with a 
different color or shade. Although the naked human 
eye cannot distinguish these different hues, by the use 
of optical filters, Sagnac interferometer, a CCD camera, 
and Fourier transformation, it was possible to discrimi¬ 
nate the special differences in standard classification 
colors using a computer program. The approach 
permitted classification of translocations that were 
not identifiable by other staining techniques. The 
lowest limit of differentiation by this technology is 500 
to 1500 kbp. The procedure is applicable to clinical 
laboratory testing and evolutionary analyses. (See also 
Schrock E et al 1996 Science 273:494; ►chromosome 
painting, ►FISH, ►GISH; http://www-ermm.cbcu. 
cam.ac.uk/0000199Xh.htm). 

Spectrins: Filamentous tetrameric proteins (220- 
240 kDa) present in the red blood cells; they may 
constitute 30% of the membranes. Spectrins may 
mediate muscle and neuron organization by facilitating 
the binding of other proteins. They are also involved in 
the formation of a network on the cytoplasmic surface 
in cooperation with actin, dynein, ankyrin, and band III 
protein. The pll-spectrin is the same as fodrin. Several 
human chromosomes encode spectrins. Spectrin de¬ 
fects may cause auditory and motor neuropathies. 
► ankryn, ►cytoskeleton, ►elliptocytosis, ►spherocy¬ 
tosis, ►poikilocytosis, ►dynein, ►fodrin, ►glyco- 
phorin, ►spinocerebellar ataxia; Parkinson NJ et al 
2001 Nature Genet 29:61. 

Spectrophotometry: Spectrophotometry estimates the 
quality and quantity of a substance in solution on the 
basis of absorption of monochromatic light passing 
through it. 

Spectrosome: A cytoplasmic organelle anchoring the 
mitotic spindle, and thus defining the spatial direction 
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of cell division. It contains spectrins, cyclin A and 
other regulatory proteins. 

Speech and Grammar Disorder (SPCH1): A human 
FOXP2 ([forkhead box P2]7q31) dominant gene 
(locus is more than 600 kb) is involved in the lack of 
coordination of face and mouth muscles (verbal 
dyspraxia), some cognitive impairment (low IQ), and 
articulation and expressive language. Heterozygosity 
for nonsense mutation leads to the truncated protein 
product affecting neurodevelopment (MacDermot 
KD et al 2005 Am J Hum Genet 76:1074). ► language 
impairment specific, ►stuttering, ►human intelli¬ 
gence, ► dyspraxia, ►dyslexia, ►autism, ►aphasia, 
►MASA syndrome; Lai CSL et al 2000 Am J Hum 
Genet 67:357; Enard W et al 2002 Nature [Lond] 
418:869. 

Spemann’s Organizer: The embryonic tissue site of 
signals that mediate the organization of the body. Its 
signaling center is at the blastopore of the gastrula and 
releases a variety of polypeptides controlling neural 
and dorsal or ventral mesodermal differentiation, 
►morphogenesis, ►organizer, ►gastrula, ►blastopore; 
Niehrs C 2001 EMBO J 20:631; De Robertis EM et al 
2000 Nature Rev Genet 1:171. 


Sperm: Sperm refers to the animal seminal fluid; 
geneticists generally understand it as the spermato¬ 
zoon or plant male generative cells. In the first 
meaning, the word has no plural, in the other sense 
both singular and plural are justified. The Drosophila 
spermatozoon far exceeds in length that of any other 
animal’s (up to 58 mm in D. bifurcata, although that 
of D. melanogaster is about 1.91 mm; the human 
spermatozoon is about 0.0045 mm (see Fig. S93), 
Karr TL, Pitnick S 1996 Nature [Lond] 379:405). 
In a single normal human ejaculate, the number 
of spermatozoa is within the range of 20-40 million 
in the seminal fluid volume of >2 mL. The human 
spermatozoon count shows a decreasing tendency 
during the last decades of life. The cause of this 
appears to be the increase of environmental pollutants 
with hormone-like effects, such as PCB, (polychlori¬ 
nated biphenyl) an industrial carcinogen and pesti¬ 
cide, dioxin (a solvent), phthalates (may be present in 
cosmetics), and bisphenols (used in manufacturing 
resins and fungicides). 


Head 


Mitochondria 



... 

Acrosome 


Mid-piece 
Nucleus 


Figure S93. Outline of a human spermatozoon 


During fertilization, the animal spermatozoon is 
attracted to the egg by chemotactic peptides, causing 
changes in the voltage of the membrane and altering 
the concentration of cAMP, cGMP, Ca 2+ , and the 
activity of K + ion channels. In the tail of the 
spermatozoa, tetrameric proteins (CatSperl) form 
six transmembrane calcium ion channels, which are 
hyperactivated during ejaculation to assure appropri¬ 
ate motility and fertilization (Kirichok Y et al 2006 
Nature [Lond] 439:73). A sperm chemoattractant 
protein, a member of the cysteine-rich secretory 
protein (CRISP) family, allurin has been isolated 
(Olson JH et al 2001 Proc Natl Acad Sci USA 
98:11205). The sperm contains many different RNAs 
and proteins (Miller D et al 2005 Trends Mol Med 
11(4): 156), and they have roles in fertilized oocytes. 
Contrary to earlier views, mammalian spermatozoa 
can translate proteins but use the mitochondrial 
ribosomes for the process. These proteins have 
roles, while the sperm travels through the female 
reproductive canal and are essential for motility and 
fertilization (Gur Y, Breitbart M 2006 Genes Dev 
20:411). Cytoskeletal proteins of the fertilizing sperm 
trigger oocyte maturation and ovulation of animals. 
The number of pollen grains (containing two sperms) 
released by a plant may vary between a few hundreds 
to tens of millions. The male poultry reduces the 
sperm when mating with promiscuous females but 
allocate more of it in matings with new and attractive 
females (Pizzari T et al 2003 Nature [Lond] 426:70). 

► oocyte primary, ►environmental mutagens, ►fer¬ 
tilization, ►polyspermic fertilization, ►gametogene- 
sis, ►RPTK, ►DDT, ► semen, ►seleno-protein, 

► infertility, ►acrosomal process, ►cryopreserva- 
tion; Wassarman PM et al 2001 Nature Cell Biol 3: 
E59; Ren D et al 2001 Nature [Lond] 413:603; 
Swallow JG, Wilkinson GS 2002 Biol Rev 77:153; 
http://www.med.unipi.it/agp/siti/siti.htm. 

Sperm Activation: The conversion of the spermatids 
into moving spermatozoa. In Caenorhabditis, four 
gene loci ( spe-8 , -72, -27, and spe-29 ) control the 
process. 

Sperm Bank: A (human) sperm depository for the 
purpose of artificial insemination in case of sterility of 
the husband or other conditions, which may warrant 
their use. Thousands of sperm banks (gene banks) 
exist in the world, most of the deposited samples are 
anonymous and the genetic constitution of the donors 
is not known completely. Since the 1930s, HJ Muller 
advocated the use of the sperm banks for positive 
eugenics purposes. Accordingly, the donors should 
be selected on the basis of superior talents, mental 
ability, and physical constitution. This idea has not 
been widely accepted, however, because of moral 
objections and biological shortcomings. Most of the 
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“superior phenotypes” cannot be evaluated by 
generally accepted criteria, and the phenotype may 
not fully represent the heritability of particular traits. 
Since artificial insemination of domestic animals 
became routine, sperm banks are exploited for animal 
breeding programs in order to produce maximal 
number of progeny of high-performance males. Even 
for animals, this technology should be used with 
thorough consideration of population genetics prin¬ 
ciples in order to avoid narrowing the gene pool and 
inbreeding, ►in vitro fertilization, ►ART, ►bioeth¬ 
ics; Critser JK 1998 Hum Reprod (Suppl. 2):55; 
Deech R 1998 Hum Reprod 13(Suppl. 2):80. 

Sperm Competition: In animals where the females may 
mate repeatedly during the period of receptivity, the 
spermatozoa of different genotypes may have 
selective advantage or disadvantage in fertilization. 
The success of a particular type of spermatozoa is 
influenced by a large number of seminal proteins. 
The accessory gland proteins appear to be more 
polymorphic than other proteins, yet this may not 
distinguish between the interpretations of rapid 
evolution or limited selection, ►multipatemate litter, 
► sperm displacement, ►certation, ►accessory gland; 
Fu P et al 2001 Proc R Soc Lond B Biol Sci 268:1105; 
Simmons LW 2001 Sperm Competition and its 
Evolutionary Consequences in the Insects. Princeton 
University Press. 

Sperm Displacement: In animals where the females 
practice sperm storage, depending on the genetic 
constitution of the sperm, one or another may 
interfere with the fertilization of a competing sperm 
already present in the spermatheca of the female. In 
this process, the genetic constitution of the female has 
also a selective role, ►sperm storage, ►sperm 
competition, ►sperm precedence, ►spermatheca; 
Gilchrist AS, Partridge L 2000 Evolution Int J Org 
Evolution 54:534. 

Sperm Morphology Assays in Genetic Toxicology: Sperm 
morphology assays are based on the expectation that 
mutagens and carcinogens may interfere with normal 
spermiogenesis, resulting in abnormal head shape, 
motility, and viability of the treated or exposed sperm. 
This expectation is met with some agents but not with 
all. Thus, sperm alterations may indicate mutagenic 
and/or carcinogenic properties but not all mutagens/ 
carcinogens seem to affect these sperm parameters 
within non-lethal doses, ►bioassays in genetic 
toxicology; Baccetti B et al 2001 Hum Reprod 
16:1365. 

Sperm Precedence: In multiple copulation of a female 
with different males within a period of receptivity, 
one type of sperm (usually the last mating male’s) 
may have selective advantage in producing offspring. 


► sperm competition, ►certation, ►last-male sperm 
precedence; Price CS et al 2000 Evolution Int J Org 
Evolution 54:2028. 

Sperm Receptor: ►fertilization 

Sperm Selection: ►sex selection 

Sperm Storage: Insects commonly store sperm in the 
spermatheca for two weeks, and fertilization may 
follow any time within this period. This is why 
geneticists tend to use virgin females for controlled 
matings. Sperm can be stored at the temperature of 
liquid nitrogen (—195.8 °C) and retain its ability of 
fertilization. The efficiency of storage depends on 
seminal fluid proteins that the male transmits along 
with the sperm. Mouse spematozoa can be stored by 
freeze-drying and the function is maintained. ► sperm 
bank, ►sperm competition, ►sperm displacement, 

► sperm precedence; Yin HZ, Seibel MM 1999 J 
Reprod Med 44(2):87; Mortimer D 2000 J Androl 
21:357; Corley-Smith GE, Brandhorst BP 1999 Mol 
Reprod Dev 53:363; Kusakaba H et al 2001 Proc Natl 
Acad Sci USA 98:13501. 

Sperm Typing: Sperm typing permits analysis of 
recombination in diploids, using the recombinant 
gametes. The method of analysis requires the analysis 
of PCR-amplified gamete DNA sequences of known 
paternal types. This type of analysis can resolve 
recombination even between single base pairs. The 
results must be scrupulously studied because the PCR 
method may have inherent errors. Single sperms can 
be separated with the aid of fluorescence activated 
cell sorters. If the sperms are subjected to “primer 
extension preamplification” (PEP) before analysis, 
enough material can be obtained to carry out 
multipoint tests. This procedure is not practical with 
egg cells, ►recombination frequency, ►crossing 
over, ►maximum likelihood applied to recombina¬ 
tion, ►polymerase chain reaction, ►cell sorter, 
►prenatal diagnosis, ►genetic screening; Hubert R 
et al 1994 Nature Genet 7:420; Shi Q et al 2001 Am J 
Med Genet 99:34. 

Spermatheca: A storage facility of insect females, for 
sperm to be used at a later fertilization following an 
initial mating, ►sperm precedence, ►sperm compe¬ 
tition, ► sperm storage, ►sperm displacement 

Spermatia: Male sperms produced at the tip of hyphae 
within the spermatogonia of rust fungi; they are 
comparable to the microconidia. ►conidia 

Spermatid: A cell formed by the secondary spermato¬ 
cyte and which differentiates into a spermatozoon. 

► spermatozoon, ►sperm, ►gametogenesis, ►sper¬ 
miogenesis 
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Spermatocyte (primary): A diploid cell that by the first 
division of meiosis gives rise to the haploid 
secondary spermatocytes. By cell division, these 
cells form the spermatids, which differentiate into 
spermatozoa in animals. In plants, the spermatocytes 
function in a similar manner and thus produce the 
microspores, which develop into pollen grains and 
within them the two sperms are formed either before 
or after the pollen tubes begins to elongate, ►gonads, 

► gametogenesis 

Spermatocytoma (spermocytoma): The malignancy of 
the testis or of undifferentiated male gonads. 

► seminoma 


synthase was assigned to human chromosome Xp22.1 
(see Fig. S96). Its mouse homolog Gyro [Gy]) is 
suspected in hypophosphatemia, resulting in rickets, 
hearing disorders, etc. ►hypophosphatemia, ►hypo- 
phosphatasia, ►rickets, ►Aadenosylmethionine de¬ 
carboxylase, ►polyamine 



H 


Figure S96. Spermine 


Spermatogenesis: ►gametogenesis, ►spermiogenesis 

Spermatogonia: The primordials of the sperm cells; the 
secondary spermatogonia, produce the primary 
spermatocytes. Spermatogonial stem cells can be 
transformed/transfected by genetic vectors in culture. 
If introduced into seminiferous tubules of infertile 
mouse, they undergo spermatogenesis and could 
produce mutant offspring (Kanatsu-Shinohara M 
et al 2006 Proc Natl Acad Sci USA 103:8018). 

► gametogenesis, ►spermatocyte; in vitro culture: 
Feng L-Xin et al 2002 Science 297:392; Zhao G-Q, 
Garbers DL 2002 Dev Cell 2:537. 

Spermatophyte: Seed-bearing plant, ►cryptogamic 
plants 

Spermatozoon: The fully developed (differentiated) 
male germ cell, a sperm, ►sperm, ►spermatid, 

► oocyte primary, ►fertilization, see Fig. S94 of a 
human spermatozoon. 



Figure S94. Spermatozoon 


Spermidine (C 7 Hi 9 N 3 , A-[3-aminopropyl]-1,4-butane- 
diamine): A polyamine regulating (+ or -) the binding 
of proteins to DNA, condensation ofDNA, controlling 
gene expression, etc. Spermidine synthase is encoded 
by human chromosome Ip36-p22 and 3pl4-q21 (see 
Fig. S95). ►spermine 



Figure S95. Spermidine 


Spermine (Ci 0 H 2 6N 4 , A,A'-bis[3-aminopropyl]tetra- 
methylenediamine, a poly amine): The oxidative 
cleavage product of spermine is spermidine. Spermine 


Spermiogenesis: A postmeiotic process of differentia¬ 
tion of mature spermatozoa. It is supposed that 
CREM is involved in the control of genes required for 
the process because CREM-deficient mouse (ob¬ 
tained by recombination) cannot complete the first 
step of spermiogenesis and late spermatids are not 
observed. The defective spermatids are apparently 
eliminated by apoptosis. Histone 1 (HI) variant HIT2 
localizes to the apical chromatin domain at the apical 
pole and it is required for the reconstruction of 
chromatin and the replacement of histones by 
protamines during spermiogenesis (Martianov I et al 
2005 Proc Natl Acad Sci USA 102:2808). More than 
2000 genes seem to be expressed postmeiotically in 
the mouse sperm (Schultz N et al 2003 Proc Natl 
Acad Sci USA 100:12201). ►sperm, ►spermatozo¬ 
on, ► CREM, ►apoptosis, ►gametogenesis, ►transi¬ 
tion protein, ►protamines, ►histones, ►adenovirus; 
Macho B et al 2002 Science 298:2388. 


Spermist: ►preformation 

SPF: Cell cycle S phase promoting factor, a kinase, 
►cell cycle 


SPF Condition: The specific pathogen-free condition of 
organisms maintained in a quarantine, ►quarantine; 
Yanabe M et al 2001 Exp Anim 50(4):293. 



Spfi-1 : An ETS family transcription factor. ►ETS 
oncogenes 


SPH: Protein-binding DNA elements. ►Simian virus 40 


Spherocytosis, Hereditary (HS): The most common 
hemolytic anemia in Northern Europe. The basic 
defect involves both recessive and dominant muta¬ 
tions affecting ankyrin-1 (8pl 1.2) and spectrin. The 
p-spectrin gene was assigned to human chromosome 
14q22-q23. The spectrin a-chain is responsible for 
elliptocytosis II (lq21). An autosomal dominant form 
was assigned to human chromosome 15ql5. There is 
also an autosomal recessive type, ►ankyrin, ►spec¬ 
trin, ► elliptocytosis, ►anemia, ►poikilocytosis 
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Spheroplast: Spherical bacterial cell after (partial) 
removal of the cell wall, ►protoplast 

Sphingolipid Activator Protein (SAP, Saposin): A co¬ 
factor for the physiological degradation of sphingo- 
lipids. The GM2 activators are encoded in different 
chromosomes and their deficiencies cause metachro- 
matic leukodystrophy-like and Gaucher disease-like 
symptoms. ►Gaucher disease, ►metachromatic leu¬ 
kodystrophy; Matsuda J et al 2001 Hum Mol Genet 
10:1191. 

Sphingolipidoses: Hereditary diseases involving the 
metabolism of sphingolipids with the enzyme defects 
indicated in parenthesis. (See Table S4, diseases 
under separate entries, ►sphingolipids). 

Sphingolipids: Sphingosine-containing lipids with the 
following general structure and depending on the 
particular substitutions at X. 

fatty acid 

(in neural cells most 
commonly stearic acid) 


hydrogen (ceramide) 

glucose (glucosylcerebroside), [neutral glycolipid] 
glucose and galactose (lactosylceramide), [neutral 
glycolipid] 

complex of sialic acid, glucose, galactose, galac¬ 
tose amine (ganglioside G M2 ) 
phosphocholine (sphingomyelin). 

If sialic acid (acetyl neuraminic acid (see Fig. S97), 
glycolylneuraminic acid) is removed, asiogangliosides 
result. Sphingolipids mediate signal transduction, 
calcium homeostasis and signaling, traffic of secretory 
vesicles, cell cycle, etc. They are the lipid moiety 
of glycosylphosphatidylinositol anchoring proteins. 

► sphingosine, ►cerebro sides, ►gangliosides, 

► sphingolipidoses, ►Sandhoff disease, ►ceramide; 
Dickson RC, Lester RL 1999 Biochim Biophys Acta 



Table S4. Sphingolipidoses 

Farber’s disease 
(ceramidase) 

Fabry’s disease 
(cr-galactosidase) 

Gaucher’s disease 
(/3-glucosidase) 

Generalized gangliosidosis 
(/3-galactosidase) 

Krabbe’s leukodystrophy 
(galactocerebrosidase) 


Sphingosine 

x 


1438:305; Leipelt M et al 2001 J Biol Chem 
276:33621; sphingolipid metabolic map in yeast: 
Alvarez-Vasquez F et al 2005 Nature [Lond] 433:425. 

CH 2 OH 

I 

HO—C —H 


HO—C—H 



Figure S97. Neuraminic acid 

Sphingomyelin: A phospholipid with the sphingosine 
amino group linked to fatty acids and the terminal OH 
group of sphingosine esterified to phosphorylcholine. 
► fatty acids, ►sphingosine, ►Niemann-Pick dis¬ 
ease, ►osteogenesis imperfecta 

Sphingosine: A solid fatty acid-like component of 
membranes. The principal naturally occurring 
sphingosine is d(+) erythro-l,3-dihydroxy-2-amino- 
4-transoctadecene, CH 3 (CH 2 ) 12 CH=CH(OH)-CH 
(NH 2 )-CH 2 OH. In addition to the Ci 7 sphingosines 
shown, the molecules may have 14, 16, 18, 19, and 
20 carbons. The molecules may also be branched or 
may contain an additional OH group. Sphingosine-1 
phosphate is a rather universal signaling molecule 
for cell proliferation, chemotaxis, differentiation, 
senescence, and apoptosis. The action of sphingosine 
kinase is reversed by sphingosine phosphatase. 
Sphingosine 1-phosphate receptor mediates the 
egression of lymphocyte from thymus and lymphoid 
organs. Its activity is increased by two orders of 
magnitude upon blocking SIP lyase and causes 


Lactosyl ceramidosis 
(/3-galactosyl hydrolase) 

Metachromatic 
leukodystrophy (sulfatase) 

Niemann-Pick disease 
(sphingomyelinase) 

Sandhoff’s disease 
(hexosaminidases A and B) 

Tay-Sachs disease 
(hexosaminidase A) 


See These diseases under separate entries. 
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lymphopenia in mouse (Schwab SR et al 2005 
Science 309:L1735). ►sphingomyelin, ►lymphope¬ 
nia; Brownlee C 2001 Curr Biol 11 :R535; Merrill AH 

2002 J Biol Chem 277:25843; Spiegel S, Milstien S 

2003 Nature Rev Mol Cell Biol 4:397. 

Spi + : The wild type X phage is sensitive to phage 
P2 inhibition. Phage X lacking the functions of red 
and gam can grow in P2 carrying-lysogens if it has chi 
(recombination sites for the RecBC system), ►lamb¬ 
da phage 

Spil Oncogene: The spleen focus forming retrovirus 
homolog; it is located in human chromosome 
lip 11.22. Spil is an ETS family transcription factor. 
► oncogenes, ►ETS, ►PU.l 

Spiders ( Aranae ): An extremely large group of ancient 
genera of animals, ►silk; http://research.amnh.org/ 
entomology/spiders/catalog/index.html. 

Spidey: A mRNA-to-genomic DNA alignment program 
that can be used for draft sequences, finished 
sequences, and inter-species comparisons. ►mRNA; 
http://www.ncbi.nlm.nih.gov/spidey/. 

Spielmeyer-Sjogren-Vogt Disease: ►ceroid lipo¬ 
fuscinosis 

Spike: An inflorescence, which is alternatively called 
head or ear; a typical example is the spike of wheat or 
some other grasses. The spikelets or flowers are sessile 
on opposite sides of the axis that is called rachis. Also, 
spike refers to short duration electrical variations along 
the nerve axon, a peak in electric potential. 

Spike: The claw-like structures on the base plate of 
bacteriophages, ►development 

Spikelet: A group of florets sitting on a common base in 
a spike (see Fig. S98). ►spike 



Figure S98. Wheat spikelet 

Spiked Oligos: Phosphoramidates are incorporated into 
deoxyribonucleotides and when these are used as 
primers for PCR-based mutagenesis random muta¬ 
tions may be selected that slow down the activity of 
the mutant gene products (proteins) and opens a 
chance to screen for extragenic suppressors that 


restore better full function, ►phosphoramidate, 
►PCR-based mutagenesis, ►suppressor gene; 
Hermes JD et al 1989 Gene 84:143. 

Spiking: Information transfer by neurons. 

Spin Infection: In spin infection, adherent cells are 
exposed to transformation vector mix by centrifuging. 

Spina Bifida: A developmental disability in various 
mammals, including humans, determined by autoso¬ 
mal dominant inheritance and reduced penetrance. 
The spinal column is incompletely closed and in 
some instances this involves no serious problem 
and is detectable only by X-ray examination (spina 
bifida occulta). The more serious case is the spina 
bifida aperta when the spinal cord, the membranes 
(meninges), spinal cord, and nerve ends are protrud¬ 
ing (myelomeningocoele). Hydrocephalus, inconti¬ 
nence, etc., frequently accompany this condition. The 
meningocele form involves only membrane extrusion 
and consequently it is a less severe defect. Defects 
in cadherins may be responsible for the anomalous 
differentiation. The overall frequency of these ano¬ 
malies may be 0.2-0.3% in the general population. 
The anomaly may be the consequence of folic acid 
deficiency (Lucock M 2004 Br Med J 328:211). 
►neural tube defects, ►prenatal diagnosis, ►genetic 
screening, ►MSAPF, ►mental retardation, ►hydro¬ 
cephalus, ► cadherins 

Spinach (Spinacia oleracia ): A dioecious plant, 2n = 12 
(XX or XY, included). Many of the trisomics can be 
identified without cytological examinations. All six 
pairs of the chromosomes have distinct morphology. 

Spinal and Bulbar Muscular Atrophy (SBMA): 

►Kennedy disease 

Spinal Muscular Atrophy (SMA): A degeneration of the 
spinal muscles; it occurs in different forms and under 
different genetic controls. The adult type, proximal, is 
autosomal dominant and may be associated with 
different chromosomes. The juvenile (Kugel-berg- 
Welander syndrome) affects primarily the proximal 
limb muscles and frequently involves twitching. This 
form was assigned to human chromosome 5ql 1.2- 
ql 3.3. The prevalence of this type is about 1/6000 in 
newborns. The literature also distinguishes the 
Werdnig-Hoffmann disease type, however, the vari¬ 
ous juvenile forms map to the same chromosomal 
segment, although the expressions may differ. Dele¬ 
tions of this area are frequently the basis of the 
disease. The combined, estimated gene frequency is 
about 0.014. The spinal muscular dystrophy with 
microcephaly and mental retardation, the spinal 
muscular dystrophy distal (11 ql2-ql4), SMA proxi¬ 
mal adult type, and other variations of it appear 
autosomal recessive. SMA expression is positively 
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associated with the activity of the survival motor 
neurons controlled by the centromeric SMN2 gene 
(human chromosome 5ql2.2-ql3.3.) SMN proteins 
(38 kDa) are part of spliceosomal small ribonuclear 
simplex. The highly homologous SMN1 gene has 
telomeric location. The transcript of SMN2 is 
frequently deficient in exon 7 due to a single 
nucleotide substitution; otherwise it is identical with 
SMN 1. The two proteins function in association and 
the truncated protein can be compensated for by 
higher amounts and can ameliorate the phenotype 
(Le TT et al 2005 Hum Mol Genet 14:865). Mutation 
in SMA may affect the U snRNA nuclear import 
system. Spinal muscular atrophy with respiratory 
distress (SMARD) is caused by mutation, if an 
immunoglobulin (IgG) binding protein (IGHMBP2) 
is encoded at Ilql3.2-ql3.4. ►muscular atrophy, 
►Kennedy disease, ►dystrophy, ►atrophy, ►lipo¬ 
dystrophy familial, ►muscular dystrophy, ►neuro¬ 
muscular diseases, ►dynein, ►Kugelberg-Welander 
syndrome, ►Silver syndrome, ►Werdnig-Hoffmann 
disease, ►URN A, ►SMAD, ►gemini of coiled bodies, 
►NAIP; Jablonka S et al 2001 Hum Mol Genet 10:497; 
Grohmann K et al 2001 Nature Genet 29:75; Feldkotter 
M et al 2002 Am J Hum Genet 70:358; Frugier T et al 
2002 Curr Opin Genet Dev 12:294; Paushkin S et al 
2002 Curr Opin Cell Biol 14:305; review of SMN1: 
Monani UR 2005 Neuron 48:885. 

Spindle: A system of microtubules (-20-30 nm) 
emanating from the poles (centrioles of the centro- 
somes in animals) during mitosis and meiosis, 
attaching to the kinetochores within the centromeres, 
and pulling the chromosomes toward the poles. In 
plants and also in some animal oocytes, there are no 
centrosomes and the chromosomes assume some of 
the centrosome functions. In yeast, the spindle forms 
within the nucleus. Some of the microtubules reach 
from one pole to the other without attaching to the 
kinetochore. In Drosophila meiosis, the spindle ori¬ 
ginates from each of the chromosomes and as the 
prophase progresses, a bipolar spindle emerges. This 
stage uses a kinesin-like protein (NCD). The arrange¬ 
ment of the microtubules also requires the motor 
protein dynein. The meiotic pole is different from the 
mitotic centrosomes (DMAP60, DNAP190 and y- 
tubulin are apparently absent). According to a model, 
for the capture of microtubules and development of the 
spindle apparatus, the chromosomes distribute a 
gradient of RAN guanosine triphosphate and impor¬ 
ting toward the cytoplasm, in the direction of the 
microtubules emanating from the centrosomes. This 
eventually leads to self-organization of the bipolar 
spindle (Caudron M et al 2005 Science 309:1373). 
About 200 genes determine the spindle assembly in 
Drosophila (Goshoma G et al 2007 Science 316:417). 


The orientation of the spindle may be controlled 
in yeast by myosin V. In case of univalents, only 
monopolar spindle is formed. In some species, the 
spindle origination from the chromosome is appar¬ 
ently suppressed by the centrosome. In some 
other species, the chromosomes and the centrosomes 
cooperate in developing the meiotic spindle. The 
mitotic spindle may also need both chromosomes and 
the centrosomes (echinoderms) (see Fig. S99). Mi¬ 
crotubule assembly is not an exclusive property of the 
kinetochores as holocentric chromosomes indicate. 
Anaphase and cytokinesis, however, can take place 
in cells after the chromosomes have been removed. 
On the oocyte chromosomes of several species, 
surface proteins (NOD, Xklpl) are found that stabilize 
premetaphase chromosomes, and in achiasmate 
meiosis, substitute for the chiasmata. According to 
recent views, the information for meiotic disjunction 
resides within the chromosomes and not in spindle 
apparatus. The kinetochore determines the transition 
from metaphase to anaphase. The spindle checkpoint 
ensures the fidelity of chromosome segregation by 
preventing cell-cycle progression until all the chro¬ 
mosomes make proper bipolar attachments to the 
mitotic spindle and are subjected to tension. Some 
experiments indicate that the checkpoint recognizes 
the lack of microtubule attachment to the kinetochore, 
others indicate that the checkpoint senses the absence 
of tension generated on the kinetochore by micro¬ 
tubules. Both of these alternative explanations may be 
true (Pinsky BA, Biggins S 2005 Trends Cell Biol 
19:486). Tension of the kinetochore generates a 
checkpoint signal (Cdc20, fizzy, Cdc55), and it is 
supposed that a phosphorylated kinetochore protein 
attracts proteins. At least six known genes seem 
to be involved in kinetochore functions. The 
X-chromosomes in XO cases of sex determination 
do not involve such a pause. The cytoskeleton is also 
involved in the correct organization of the spindle. 
The mRNA export protein Rael is a microtubule- 
associated protein that binds directly to importin p 



Figure S99. Spindle with chromosomes in the middle 
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and in egg extract it stabilizers microtubules by 
RanGTP/importin. Rae 1 is located in a large RNA- 
containing complex and thus indicates that RNA 
also has a role in spindle formation (Blower MD et al 
2005 Cell 121:223). In some large cells, such as 
oocytes, the spindle fibers are not long enough to 
reach and capture the centromeres. In such cases, a 
contractile nuclear actin network is formed that 
facilitates the attachment of the centromeres to the 
spindle fibers (Lenart P et al 2005 Nature [Lond] 
436:812). Spindle assembly requires the presence of 
lamin B, which is activated by RanGTP (Tsai M-Y 
et al 2006 Science 311:1887). ►nucleus, ►centro¬ 
mere, ► centromere proteins, ►chromokinesins, 

► spindle fibers, ►cyto skeleton, ►tubulins, ►myo¬ 
sin, ►kinetochore, ►chromatid, ►mitosis, ►meiosis, 
►BTB, ►securin, ►NuMA, ►dynactin, ►kinesin, 
►Bim, ►univalent, ►holocentric chromosome, 

► achiasmate, ►Swibp, ►microtubule, ►PARP, 
►RMSA-1, ►CENP, ►Stathmin, ►APC, ►multipo¬ 
lar spindle, ►acenaphthene, ►Cdc2, ►Cdc20, 

► Cdc55, ►Mad2, ►RAN, ►ASAP; Sharp DJ et al 
2000 Nature [Lond] 407:41; Shah JVet al 2000 Cell 
103:997; Compton DA 2000 Annu Rev Biochem 
69:95; Karsenti E, Vemos I 2001 Science 294:543; 
Musachio A, Hardwick KG 2002 Nature Rev Mol 
Cell Biol 3:731; Lew DJ, Burke DJ 2003 Annu Rev 
Genet 37:251; Kline-Smith SL, Walczak CE 2004 
Mol Cell 15:317; Gadde S, Herald R 2004 Curr Biol 
14:R797; orientation of the mitotic spindle: Thery M 
et al 2007 Nature [Lond] 447:493; Illustration by 
courtesy of Dr. P.C. Roller. 

Spindle Fibers: Microtubules clearly visible (by appro¬ 
priate techniques) during mitotic and meiotic nuclear 
divisions. The microtubules originate at the spindle 
poles, the asters in animals. Three classes of fibers 
emanate from the poles: the astral microtubules that 
radiate from the centrioles, the polar microtubules 
that meet at the divisional plane and appear to stabilize 
the spindle, and the kinetochore microtubules that are 
anchored at the centromere of the chromosomes and at 
anaphase pull them toward the opposite poles. The 
eukaryotic spindle fibers are made largely of tubulin. 
The analogous prokaryotic system is built mainly 
of actin filaments, ►spindle, ►mitosis, ►meiosis, 

► aster, ►centrioles, ►centromere, ►kinetochore, 

► centrosome, ►tubulins, ►Pac-Man model 

Spindle Poison: Spindle poisons block the formation of 
spindle fibers and as a consequence polyploidy may 
result, ►polyploidy, ►colchicine, ►acenaphthene, 

► Stathmin 

Spindle Pole Body (SPB): The fungal equivalent of the 
centrosome. Cyclins and cyclin-dependent kinases 
promote and regulate their duplication. SPBs assists 


in the assembly of membrane proteins in the meiotic 
pro-spores of yeast. Their defect results in genetic 
instability, aneuploidy. SPBs affect also mRNA 
metabolism, ►centrosome, ►mitochondrial genetics; 
Haase SB et al 2001 Nature Cell Biol 3:38; Bajgier BK 
et al 2001 Mol Biol Cell 12:1611; Lang BD et al 2001 
Nucleic Acids Res 29:2567. 

Spinobulbar Muscular Atrophy: ►Kennedy disease 

Spinocerebellar Ataxia (SCA): Autosomal dominant 
defects involving CAG repeats (polyglutamine) in the 
coding region of the ataxin genes (SCA1, SCA2, 
SC A3, SCA7) and causing nerve degeneration and 
loss of Purkinje cell and neurons in the brain. As a 
consequence, motor functions deteriorate. SCA5 is 
due to mutation in spectrin B, which destabilizes 
glutamate transporter EAAT4 on the surface of the 
plasma membrane (Ikeda Y et al 2006 Nature Genet 
38:184). SCA6 affects a calcium ion channel. In a 
normal state, the number of repeats is 6^14, while in 
the diseases state it is 40-93. The ataxin gene (SCA1) 
encoded at 6p23 is transcribed into 792-869 amino 
acids, depending on the number of CAG repeats. The 
mouse homolog is Mathl. Ataxin-1 binds to RNA 
and controls the expansion of the polyglutamine 
sequences. The insect transcription factors Sens and 
the mammalian homolog Gfi-1 interact with the AXH 
domain of ataxin and mediate neurodegeneration 
(Tsuda H et al 2005 Cell 122:633). The SCA8 
involves CTG repeats. SCA10 (22ql3-qter) displays 
ATTCT repeats in variable numbers in intron 9. 
SCA12 (5q31-q33) is caused by CAG repeats in the 
regulatory subunit of protein phosphatase PP2A. 
SCA13 childhood ataxia with mental retardation and 
delayed motor functions is encoded atl9ql3.3-ql3.4. 
The SCA13 area contains the KCNC3 voltage-gated 
ion channel, and its mutation leads to neurode¬ 
generation (Waters ML et al 2006 Nature Genet 
38:447). SCAN11 (spinocerebellar ataxia with axo¬ 
nal neuropathy, 14q31-q32) is caused by a defect in 
tyrosyl-DNA phosphodiesterase (TDP1), involved 
in normally transient single-strand DNA break 
and repair generated by topoisomerase function 
(El-Khamisy SL et al 2005 Nature [Lond] 434:108). 
►trinucleotide repeats, ►topoisomerases, ►spectrin, 
► GLAST, ►GLT, ►Huntington chorea, ►Kennedy 
disease, ►Machado-Joseph disease, ►myotonic dys¬ 
trophy, ► ataxia, ►migraine, ►CACNAIA, ►RNAi; 
Stevanin G et al 2000 Eur J Hum Genet 8:4; Yue S 
et al 2001 Hum Mol Genet 10:25; Libby RT et al 2003 
Hum Mol Genet 12:41. 

Spiracle: The breathing hole on the insect body. 

Spiralization: A pattern of winding of molecules or 
chromosomes, ►coiling 
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Spirochetes (Spirochaeta): Filiform bacteria (5-6 pm) 
that cause sex ratio distortion in Drosophila by the 
fatal effect of their toxin on the male flies. For 
the killing of the male flies by Spiroplasma poulsoni, 
the normal function of the Msl genes of Drosophila 
(involved in dosage compensation) is required 
(Veneti Z et al 2005 Science 307:1461). Leptospiro¬ 
sis, a flu-like disease with frequent hepatic hemor¬ 
rhage and jaundice, is caused Leptospira interrogans 
(see Fig. SI 00). Its sequenced genome consists of two 
chromosomes of 4,322,241 and 358,943 bp and 
encoding 4360 and 367 proteins, respectively. Its 
physiological characteristics are quite different from 
Treponema or Borrelia. Some lower animals (e.g., 
Schistosoma) are also called spirochetes. ► Schisto¬ 
soma , ► Treponema , ► Borrelia, ►dosage compensa¬ 
tion, ►killer genes, ►segregation distorter, 
► endosymbiont, ►symbionts hereditary; Ren S-X 
et al 2003 Nature [Lond] 422:888. 



Figure SI 00. Leptospires bacteria. (Courtesy of CDC 
Rob Weyant and Janice Carr) 

Spironucleoside (hydantocydin): A herbicidal growth 
regulator of Streptomyces hygroscopious . ►herbicide 

Spiroplasma : ►symbionts hereditary, ►sexratio, ►spir¬ 
ochetes 

Spite: An inimical action toward other individuals 
without benefit to the actor. 

spitz {Drosophila chromosome 2-54): The 2-54 locus 
encodes the Spitz protein, a ligand of DER. ►DER 

SPK-1: A protein kinase of the MAPK family, ►signal 
transduction 

Spleen: An upper left abdominal, oblong (ca. 125 mm) 
ductless gland. At the embryonal stage, it participates 
in erythrocyte formation, in adults it also manufac¬ 
tures lymphocytes. By decomposing the erythrocytes, 
it provides to the liver, the hemoglobin to form bile. 
The red pulp contains red blood cells and macro¬ 
phages, the white pulp carries the lymphocytes. It has 
a role in the defense mechanism of the body. It is 


generally very enlarged in some lysosomal storage 
diseases, e.g., Gaucher’s disease, ►asplenia, ►lyso¬ 
somal storage diseases, ►hemophilias, ►Gaucher’s 
disease 

Splice: The resolution of a recombination intermediate 
(Holliday junction), resulting in an exchange of 
the flanking markers. ►Holliday model, ►introns, 

► spliceosome 

Spliceosomal Intron: Spliceosomal introns utilize 
spliceosomes in eukaryotes for the removal of introns 
in contrast to the prokaryotic group I and II introns, 
which do so themselves, ►introns, ►spliceosome, 

► splicing; origins and evolution: Rodriguez-Trelles 
F et al 2006 Annu Rev Genet 40:47. 

Spliceosome: A protein-U snRNA (there are five main 
uridine-rich oligonucleotides) complex required 
for the folding of pre-mRNA into the proper 
conformation for removal of introns and splicing 
the transcripts of exons. The spliceosome contains 
about 300 proteins (Rappsilber J et al 2002 Genome 
Res 12:1231). The majority of eukaryotic primary 
transcripts contain introns with 5' GU and AG 3' 
splice sites, and the mammalian consensus is: (A/C) 
AGjGUA/GAGU. In yeast, the consensus is: 
(A/G)jGUAUGU. Less than 1% of the mammalian 
splice junctures are GC-AG. In the excision, the 
spliceosome complex Ul, U2, U4-U6, and U5 
snRNAs and non-snRNAs work together. Initially, 
the U1 and U2 snRNA attaches by base pairing to the 
splice and to the branch sites, respectively. The 
U4-U6*U5 tri-snRNP complex joins in pre-splicing 
complexes. This is followed by snRNP-snRNP and 
mRNA-snRNP interactions. U6 base-pairs with U4. 
During spliceosome assembly, Ul and U4 are 
displaced and U6 pairs with the 5' splice site and 
with U2 snRNA. Through the coordination of a 
divalent metal ion (Mg 2+ ), the U6 snRNA contributes 
to the splicing of the RNA transcript. The 5' splice site 
and the branch nucleotide then move toward each 
other and the 2'-OH group of the latter serves as an 
electron donor for the first step of splicing. The 
excised 5'-exon and the lariat intron-3'-exon are the 
reaction intermediates. This first step is followed by a 
reaction between the electron donor nucleophile and 
the electron-deficient electrophile at the 3' splice 
junction by the 3 '-OH of the freed 5 '-exon, resulting in 
the ligation of the exons, and the removal of the intron. 

A minority (0.1%) of the introns, the AT-AC 
introns, occurs in some animal genes such as 
encoding PCNA. The 5' splice site of such introns 
has the consensus AT jACCTT and their branch site 
is TCCTTAAC. Their splicing complex includes Ul 1 
and U12 snRNP and one or more U5 snRNP variants 
(Russell AG et al 2006 Nature [Lond] 443:863). The 
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PCNA branch site pairs with U12 and a loop of U5 
aligns the exons of PCNA for ligation. U4 and U6 
snRNAs are not used, but the highly divergent U4atac 
and U6atac take over their role. The reaction at the 5' 
splice site is mediated by a metalloenzyme but not at 
the 3'site. The spliceosome is a huge and variable 
complex of proteins. For the recognition of the 3' AG 
splice site, U2AF 35 (the 35K subunit of the hetero- 
dimeric [M r 65K] U2AF 65 protein) is required 
in vivo, it is needed for viability and it is present in 
different organisms. U2AF was considered to be only 
an auxiliary factor (because in vitro it was not 
indispensable) to recognize the 5'-polypyrimidine 
sequences. For splicing, the U2AF protein must be in 
the close vicinity of the polypyrimidine tract that is 
recognized by its 35K subunits. The Drosophila 
protein Sex-lethal (SXL) controls dosage compensa¬ 
tion by inhibiting splicing of the male-specific-lethal- 
2 transcripts. When the large subunit of U2AF is 
displaced from the polypyrimidine tract—3'AG 
interval by SXL, the 35K subunit can mediate the 
removal of the intron. In the neurons the Nova 
proteins regulate alternative splicing. Nova binding 
the YCAY nucleotide sequences (Y stands for either 
pyrimidine) in exons blocked U1 snRNP binding and 
thereby exon inclusion, whereas intronic YCAY 
clusters promoted spliceosome assembly and exon 
inclusion. Thus, mapping Nova binding sites predicts 
mRNA regulation in neurons (Ule J et al 2006 Nature 
[Lond] 444:580). ►introns, ►exons, ►splicing, 
►PCNA, ►snRNA, ►dosage compensation; 
Hastings ML, Krainer AR 2001 Curr Opin Cell Biol 
13:302; Nagai K et al 2001 Biochem Soc Trans 
29:15; Valadkhan S, Manley JL 2001 Nature [Lond] 
413:701; StraBer K, Hurt E 2001 Nature [Lond] 
413:648; Nilsen TW 1998, p 279. In: RNA Structure 
and Function. Simons RW, Grunberg-Manago (eds). 
Cold Spring Harbor Laboratory Press; Villa T et al 
2002 Cell 109:149; Zhu Z et al 2002 Nature [Lond] 
419:182; Brow DA 2002 Annu Rev Genet 36:333; 
Patel AA, Steiz JA 2003 Nature Rev Mol Cell 
Biol 4:960; Shukla GC, Padgett RA 2004 Proc 
Natl Acad Sci USA 101:93; structure: Azubel M et al 
2004 Mol Cell 15:833; core crystal structure: 


Schellenberg M et al 2006 Proc Natl Acad Sci 
USA 103:1266; Xue S et al 2006 Science 312:906; 
spliceosome components: Stark H, Luhrmann R 2006 
Annu Rev Biophys Biomol Struct 35:435; supra- 
spliceosomes: ChenY-IG et al 2007 Nucleic Acids 
Res 35:3928. 

Splicing: Joining of RNA with RNA or DNA with DNA at 
the sites of previous cuts. Constitutive splicing indicates 
that the exons are spliced in the same order as they occur 
in the primary RNA transcript, in contrast to alternative 
splicing when the exons may be joined in alternative 
manners, thus providing mRNAs for different proteins 
transcribed from the same gene. The general scheme of 
pre-mRNA splicing is shown in Figure S101. The 
Dscam axon guidance gene of Drosophila has more 
than 38,000 alternative splice variants and dozens of 
different forms may be present within single cells 
(Neves G et al 2004 Nature Genet 36:240). About 74% 
of the human genes are alternatively spliced and about 
15% of the human hereditary diseases are caused by 
mutation in the splicing mechanism (Johnson JM et al 
2003 Science 302:2141). 

The splicing factor family SR (named so because 
they are rich in serine [S] and arginine [R]), contain an 
RNA recognition motif (RRM/RNP) and 'F-RRM 
domain Ser-Trp-Gln-Asp-Leu-Lys-Asp, separated by 
a Gly rich tract. The Ser-Arg domains are well 
phosphorylated by the serine kinase SRPK1. The 3' 
splice site is recognized by the U2AF 65 /U2AF 35 
heterodimer. The former binds to the polypyrimidine 
sequence in the RNA, whereas the latter associates 
with the RS domain of other RS-containing factors or 
the U4/U6.U5 small ribonuclear complexes at the 5' 
splice site. These proteins select the splice sites and 
are active parts of the spliceosome complex (►spli¬ 
ceosome). The ASF/SF2 family recruits the U1 
snRNP to the RNA transcript. SR proteins communi¬ 
cate also between introns across exons, and affect 
alternative splicing. The SR proteins are subject to 
regulation. Dephosphorylation of the splicing factor 
SRp38 represses splicing (Shinj C et al 2004 Nature 
[Lond] 427:553). Between the branch site and AG, 
there are located polypyrimidine sequences, which 
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Figure S101. Pre-mRNA splicing 
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assist with the aid of various proteins to define the 3' 
splice site. Inactivation of ASF/SF2 results in genetic 
instability due to the formation of an R loop between 
RNA and the non-template strand of DNA (Li X, 
Manley JL 2005 Cell 1222:365). Some of the many 
relevant proteins are PTB (polypyrimidine tract¬ 
binding protein) and PSF (PTB-associated splicing 
factor). The splicing reaction is driven by various 
nucleotidetriphosphatases. Genome-wide analysis 
revealed 285 human (ESR) exonic splicing regulatory 
sequences (Goren A et al 2006 Mol Cell 22:769). 
Plants also have splicing factors but these are more 
variable than those of animals and this is the cause 
why animal introns are not spliced out in plants. 
Splicing precedes the export of the RNA to the 
cytoplasm and requires the association of the mRNA 
with the splicing factor Aly. ►restriction enzyme, 

► exon junction complex, ►vectors, ►introns, 

► speckles intranuclear, ►lariat, ►spliceosome, ►al¬ 
ternative splicing, ►U1 RNA, ►snRNA, ►alterna¬ 
tive splicing; Madhani HD, Guthrie C 1994 
Annu Rev Genet 28:1; Kramer A 1996 Annu Rev 
Biochem 65:367; Kim N et al 2001 EMBO J 20:2062; 
Thanaraj TA, Clark F 2001 Nucleic Acids Res 
29:2581; Luo M-J et al 2001 Nature [Lond] 
413:644; Clark TA et al 2002 Science 296:907; 
splicing factors: Sanford JR et al 2005 Proc Natl Acad 
Sci USA 102:15043; splice site prediction: http:// 
spliceport.cs.umd.edu:2000/SplicingAnalyser.html. 

Splicing Enhancer, Exonic (ESE): The repetitive GAA 
sequences associated with proteins; they facilitate the 
joining of exons. Pre-messenger RNA, containing 
introns, is retained within the nucleus. Intronless 
mRNAs containing ESEs were found to be poorly 
exported from the nucleus; spliced mRNAs produced 
from ESE-containing pre-mRNAs were found to be 
efficiently exported to the cytoplasm (Taniguchi I 
et al 2007 Proc Natl Acad Sci USA 104:13684). 
►pre-mRNA; Fairbrother WG et al 2002 Science 
297:1007. 

Splicing Inhibition: Splicing inhibition may be brought 
about by (phosphorothioate) 2'-0-methyl-oligoribo- 
nucleotides or morpholino oligonucleotides that are 
resistant RNase H (see Fig. SI 02). 


H 



Figure S102. Morpholine 

However, sometimes these analogs activate cryptic 
splice sites within exons. (See Wang Z et al 2004 Cell 
119:831). 


Splicing Juncture (splice junction): Sequences at the 
exon-intron boundaries. They are needed for the 
selective export of mature mRNAs from the nucleus. 
In addition, they assist in RNA surveillance that leads 
to degradation of mRNAs with premature transcrip¬ 
tion termination. Mutations at splice junctions may 
cause the removal or the ordering of some exons. 
► introns, ►exons, ►spliceosome, ►RNA surveil¬ 
lance, ►nonsense-mediated decay; Lykke-Andersen J 
et al 2001 Science 293:1836. 

Splicing of Proteins: Protein splicing involves post- 
translational excision by an endopeptidase of poly¬ 
peptides and ligation the resulting carboxy- and 
amino-terminal sequences. Such a mechanism may 
occur in prokaryotes, plants, and animals. The shorter 
peptide can be then sliced up by a proteasome, further 
processed, and short pieces may be delivered with the 
aid of a transporter of MHC class I molecules to the 
cell surface where cytotoxic T lymphocytes (CTL) 
may destroy them. Such a mechanism can get rid of 
the FGF-5 fibroblast growth factor fragment respon¬ 
sible for renal cancer, ►splicing, ►inteins, ►CTL, 
►proteasome, ►MHC; Hanada K-i et al 2004 Nature 
[Lond] 427:252. 

Splign: A tool for computing cDNA-to genomic or 
spliced alignements. (See http://eu-transcoder.usa 
blenet.com/tt/www.ncbi.nlm.nih.gov/sutils/splign/; 
http://www.ncbi.nlm.nih.gov/sutils/splign/splign.cgi? 
textpage=do wnloads) . 

Splinkerette: A modified vectorette for PCR walking. 
In a PCR reaction, the free 3' end of the bottom strand 
flips back on itself forming a hairpin and begins 
elongation further along the bottom strand. The 
resulting double-stranded structure is stable and it is 
functionally removed from further reaction (see 
Fig. SI 03). (Diagram redrawn after Devon RS et al 
1995 Nucleic Acids Res 23:1644). The system is 
well-suited fort large-scale identification of mouse 
gene trap events (Horn C et al 2007 Nature Genet 
39:933). ►vectorette, ►trapping promoters 



Figure S103. Splinkerette 


Split Gene: The split gene is discontinuous because 
introns are intercalated between exons; the majority 
of the eukaryotic genes contains introns. ►introns, 
► exons, ►splicing, ►spliceosome 
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Split-Hybrid System: The split-hybrid system provides 
means for positive selection for molecules that 
disrupt protein-protein interactions. The genetically 
engineered construct is shown in Figure SI04. 


Figure S105. The dominant alleles of maize normally 
form dark color but the a m_1 allele possessing the Spm 
element may display alternative states. In the absence of 
an inactive Spm any shade of solid color may appear 
(bottom row) but in the presence of an active Spm a 
variety of sectors are displayed (top row). (Courtesy of 
Barbara McClintock) 




Figure SI04. Split-hybrid method. If binding of X and 
Y is prevented the VP 16 transactivator cannot turn on 
the TetR repressor and thus permitting the expression 
of HIS3 gene and can be seen by the growth of the 
yeast cells in histidine-free medium 

►two-hybrid method, ►VP16, ►one-hybrid bind¬ 
ing assays, ►split-hybrid system, ►three-hybrid 
system, ►tTA, ►rtTA; Goldman PS et al 2001 
Methods Mol Biol 177:261. 

SPM (scanning probe microscope): SPM images 
biological macromolecules under a thin layer of 
aqueous solution, ►scanning electronmicroscopy 

Spm (suppressor mutator): A transposable element 
system of maize of an autonomous Spm and a non- 
autonomous (originally unnamed) element. The 
non-autonomous element cannot insert or excise by 
its own power because it is defective in the transposase 
enzyme. This system is the same as the En ( Enhancer)-I 
(Inhibitor ) system. The non-autonomous component 
has also been called dSpm (<defective Spm). The original 
name represents the fact that insertional mutations 
caused by the non-autonomous dSpm (I) element revert 
at high frequency only when Spm (En) is introduced 
into the genome because the latter has a functional 
transposase gene. The insertion does not always 
eliminate the function of the target gene and both a 
recessive mutation and the Spm element may be 
expressed. Such a case at the A (anthocyan) locus of 
maize (chromosome 3L-149) was designated as a-m2 
(a mutable) because of its frequent reversion to the 
dominant allele and displaying sectors in the presence 
of Spm (see Fig. SI 05). The 5/w?-dependent alleles 
harbor anon-autonomous (dSpm or 1) insertion element 
that may jump out (and cause reversion), only when the 
functional Spm is introduced. The Spm suppressible 
alleles indicate the presence of a non-autonomous 
element that may or may not permit the expression of 
the gene, but the presence of the active Spm allows the 
insert’s removal. The terms Spm-w and Spm-s indicate 


weak and strong Spm transposase elements, respec¬ 
tively. Inactivated Spm has been called Spm-i, and 
elements that have alternating active and inactive 
phases were called cycling Spm (,Spm-c ), whereas very 
stable inactive forms were named cryptic Spm (Spm- 
cr). In addition, a Modifier factor has been named that 
enhances the activity of Spm. The various forms of the 
Spm alleles were found to alter their activity with time, 
according to developmental stage and extraneous 
factors, which cause chromosome breakage (radiation, 
tissue culture, etc.). The term presetting was applied to 
the phenomenon, in which Spm determined the 
expression of a gene even after its removal from the 
genome; but this effect later may fade away. Presetting 
is supposed to occur during meiosis and it is attributed 
to methylation. Indeed, the first exon of Spm is rich in 
cytidylic residues, the most commonly methylated base 
in DNA. Methylation may be instrumental in the 
variations and the inactivation of the various Spm 
elements named. A Regulator element is credited with 
the control of the extent of methylation. Although, the 
various Spm alleles display some heritable qualities, 
they appear to represent labile “changes in states” of the 
element, except the dSpm or other deletional forms. 
Transposition of the Spm elements is not tied to DNA 
replication and the transposition favors new insertion 
sites within the same chromosome, although it may 
move to any other part of the genome. Integration of 
Spm results in a 3 bp duplication at the target site. The 
frequency of insertion and excision is influenced 
also by the base sequences flanking the target site. 
The Spm appears to be modified by the process of 
excision and involves various lengths of terminal 
deletions, but the subterminal repetitious sequences 
may also be involved. Deletion of the terminal repeats 
abolishes transposition of the element. The abilities of 
Spm to transpose and to affect gene expression are 
inseparable. 

The Spm element is transcribed into a 2.4 kb RNA 
with 11 exons; it includes two close open reading 
frames. The transcript may be alternatively spliced 
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into four different open reading frames, called tnpA, 
tnpB , tnpC and tnpD , the latter being the longest. 

Transcripts tnpA and tnpD are necessary for 
transposition. The sequences downstream from the 
transcription initiation site are rich in GC base pairs and 
are susceptible to methylation. The active Spm 
elements, located at about 0.6 kb around the transcrip¬ 
tion start site, are not methylated. The methylated 
elements are, however, inactive. The entire element 
(8.4 kb) is flanked by 13 bp inverted repeats 
(CACTACAAGAAAA and TTTTCTTGTAGTG). In 
a region 180 bp from the 5'-end and 299 bp from its 
3'-end, several copies of a receptive consensus 
CCGACATCTTA occur. The defective elements, 
dSpm have various lengths of internal deletions 
covering the entire length or part of the two open 
reading frames. Some partially deleted elements may 
still function as a weak Spm-w element. The function of 
an Spm element is regulated by sequences within the 
element and the location of the transposable element 
within the target genes. The function of the target genes 
depends on when, where, and how the Spm element and 
the target gene’s transcripts are spliced, ►transposable 
elements, ►hybrid dysgenesis, ►insertional mutation, 
+Ac-Ds; Fedoroff N 1989, p 375. In: Mobile DNA. 
Berg DE, Howe MM (Eds.) Am Soc Microbiol, 
Washington DC. 

SPN (single nucleotide polymorphism): SPN indicates 
single nucleotide difference between two nucleic 
acids. ►SNIP 

SPO: A group of sporulation mediating proteins in 
yeast. (See Kee K, Keeney S 2002 Genetics 160:111). 

Spondylocostal Dysostosis (SD): Non-syndromal short 
stature and vertebral and rib defects encoded at 
19ql3.1-ql3.3 (see Fig. S106). The defect in the 
homolog of Drosophila gene Delta ( DU3 ) is involved. 
►Alagille syndrome, ► Simpson-Golabi-Behmel 

syndrome 



Figure SI06. Spondylocostal dysostosis may involve 
increased size abdomen and deformed vertebral 
column. (Modified after Turnpenny PD, Kusumi K2004) 


Spondyloepimetaphyseal Dysplasia (SEMD): The het¬ 
erogeneous group of hereditary skeletal bone and 


cartilage diseases involving defects in protein sulfa¬ 
tion. A recessive type was assigned to chromosome 
10q23-q24. 

Spondyloepiphyseal Dsyplasia (SED): The autosomal 
dominant phenotype of SED includes flattened 
vertebrae, short limbs and trunk, barrel-shaped chest, 
cleft palate, myopia (near-sightedness), muscle 
weakness, hernia, and mental retardation. Collagen 
defects are incriminated in many cases. Autosomal 
recessive forms mimic arthritis-like symptoms 
(arthropathy), besides the short stature. The autoso¬ 
mal recessive forms may not involve flat vertebrae 
and the defect was attributed to a deficiency of 
phosphoadenosine-5'-phosphosulfate and thus to un- 
dersulfated chondroitin. An X-linked SED (Xp22.2- 
p22.1) was also described. SED type diseases were 
located to human chromosomes 5ql3-ql4.1, 
12ql3.11-13.2, and 19p 13.1. The prevalence of the 
X-linked form is about 2 x 1(T 6 . ►achondroplasia, 
► dwarfness, ►arthropathy-campylodactyly, ►chon¬ 
droitin sulfate, ►collagen, ►Schimke immuno-osseus 
dysplasia; Gedeon AK et al 2001 Am J Hum Genet 
68:1386. 

Spontaneous Generation, Current: Until Louis Pasteur 
(1859-61), it was assumed by many scientists that 
microorganisms were formed from abiotic material 
even during the present geological period. However, 
Pasteur demonstrated that the organisms found 
in broth and other rich nutrients grew only when 
the solutions were not heated to sufficiently high 
temperature, were maintained for a certain duration 
of time, and exposed to unfiltered air. His discovery 
has been fundamental to modem microbiology and 
medicine and proved that spontaneous generation is 
not responsible for the current variations in microbial 
cultures, ►spontaneous generation unique or recur¬ 
rent, ► lysenkoism, ►pleomorphism, ►biogenesis; 
Farley J 1972 J Hist Biol 5:285, ibid. 95. 

Spontaneous Generation, Unique or Repeated: An 

explanation for the abiotic origin of life. It is assumed 
that after the earth was formed, simple molecules, 
such as water, carbon dioxide, ammonia, and methane 
were first formed. Subsequently, in a reducing 
atmosphere or at deep oceanic vents containing 
reducing minerals (iron and nickel sulfides) and high 
temperature (300-800°C), molecular nitrogen could 
have been reduced to ammonia. When energy sources 
became available at the surface (ultraviolet light), 
simple organic acids (acetic acid, formic acid) arose. In 
the presence of ammonia, methane, hydrogen, hydro¬ 
gen cyanide, and lightning energy amino acids could be 
formed. In following steps, nucleotides could arise. 
Actually, under simulated early earth conditions 
chemists could synthesize amino acids, polypeptides, 
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carbohydrates, and nucleic acids. These simple organic 
molecules might have aggregated into some sorts of 
micellae (bubbles), and after self-replicating mechan¬ 
isms came about the possibility for the generation of an 
ancestral cell with a primitive RNA as the genetic 
material. It is not entirely clear when, where, how, and 
how many times these events took place. Life is 
estimated to have begun 3^1 billion years ago. It is not 
known whether on other planets, under similar 
conditions to that of the earth, living cells evolved, 
►biopoesis, ►exobiology, ►spontaneous generation 
current, ►evolution prebiotic, ►origin of life, ►abio- 
genesis; Lennox J 1981 J Hist Philos 19:19; Harris H 
2002 Things Come to Life: Spontaneous Generation 
Revisited. Oxford University Press, New York. 

Spontaneous Mutation: Spontaneous mutation occurs at 
a relatively low frequency when no known mutagenic 
agent is or was present in the environment of the cell 
or organism; the cause of the mutation is thus 
unknown. The spontaneous frequency of mutation 
in mice for seven standard loci is 6.6 x 10 -6 per locus. 
The frequency in man is in the range of 1(T 5 to 1(T 6 , 
in Drosophila 10 -4 to 1(T 5 , in yeast Neurospora 1(T 5 
to 1(T 9 , in bacteria 1CT 4 to 10 -9 , and in bacterio¬ 
phages, 1(T 4 to lower to 1CT 11 range has been 
reported. In maize, the frequency is comparable to 
that in other eukaryotes. At some other loci and in 
other organisms, it may be substantially higher or 
lower. In higher eukaryotes, the frequencies appear 
lower than in microorganisms but this does not seem 
to be due to intrinsic biological differences; rather it 
reflects the limitations of the size of the populations, 
which were amenable to screening. The extent of 
DNA repair may have profound influence on the 
mutations recovered, ►mutation rate, ►mutation 
spontaneous, ►diversity; Wloch DM et al 2001 
Genetics 159:441. 

Spooling: Spooling assumes that the triple- or 
quadruple-stranded naked DNA molecules are 
wound into the RecA protein filament for pairing 
and exchange. After the formation of heteroduplexes, 
the DNAs are released, ►recombination molecular 
mechanism 

Sporadic: Sporadic refers to the rare occurrence of an 
off type, which does not show a clear familial pattern, 
and the etiology (cause or origin) is unknown. 
► epidemiology 

Sporangiophore: A sporangium-bearing branch, ►spo¬ 
rangium 

Sporangium (plural sporangia): The spore-producing 
and -containing structure in lower organisms (fungi, 
protozoa) (see Fig. SI 07). 



Figure S107. Sporangiophore and sporangium 


Spore: A reproductive cell; generally the product of the 
eukaryotic meiosis , or it may arise mitotically as 
fungal conidiospores (conidia). The bacterial spores 
are metabolically dormant cells, surrounded by a 
heavy wall for protection under very unfavorable 
conditions. 

Spore Mother Cell: ►sporocyte 

Sporidium: The “sexual” spore of basidiomycetes fungi, 
►basidium 

Sporocyte: A diploid cell that produces haploid spores 
as a result of meiosis. ►gametogenesis 

Sporogenesis: The mechanism or process of spore 
formation, ►meiosis, ►conidia 

Sporophore: The fruiting body capable of producing 
spores in fungi. ► spore 

Sporophyte: The generation of the plant life cycle that 
produces by meiosis the (In) gametophytes. The 
common form of plants (displaying leaves and 
flowers, etc.) is the (2n) sporophytic generation. 
► gametophyte 

Sporopollenin: Sporopollenins are mainly polymerized 
carotenoids forming the exine of the pollen grains, 
facilitating its adhesion to the stigma of the female 
reproductive structure of plants. 

Sporozoite: The infective stage of protozoan life cycle; 
in malaria, they are formed within the mosquito, 
►malaria, ► Plasmodium, ► Anopheles 

Sporulation: In bacteria, the process of formation of 
morphologically altered cells that can survive adverse 
conditions and assure the survival of the sporulating 
bacteria. Bacillus subtilis is a typical spore-forming 
bacterium. Within its cell, a new cell is pinched off to 
create the spore that can eventually develop into a 
new regular cell (see Fig. SI 08). Also, ascospore 
formation through meiosis in fimgi is sporulation. 
In budding yeast, 334 sporulation-essential genes 
have been identified, ►meiosis; Enyenihi AH, 
Saunders WS 2003 Genetics 163:47; Fujita M, 
Losick R 2003 Genes Dev 17:1166; http://cmgm. 
stanford.edu/pbrown/ sporulation/. 
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Figure SI 08. Sporulation 

Spot Test: A variation of the mutagen/carcinogen 
bioassays when the compound to be tested by 
bacterial reversions is added to the surface as a crystal 
or a drop after the Petri plates have been seeded by the 
bacterial suspension and the S9 microsomal fraction 
added. If the substance to be tested is mutagenic, a 
ring of revertant cells should appear around the spot 
where it was added (see Fig. SI 09). This type of 
mutagenic assay is no longer much in use. ►Ames 
test, ►plate incorporation test, ►reversion assays of 
Salmonella ; Ames BN 1971, p 267. In: Chemical 
Mutagens I. Hollaender A (Ed.) Plenum, New York. 


Figure SI 09. Reversion assay of Salmonella bacte¬ 
rium by the spot test. (Courtesy of Dr. G. Ficsor) 


Spotting: Spotting at specific body parts is frequently 
found in various species (see Fig. SI 10). The basic 
colors (melanin or melanin precursors) are generally 
uniformly distributed at various intensities. Muta¬ 
tions in regulatory cis elements create novel oppor¬ 
tunities for transcription factors for association with 
the mutant sequences and determine the intensity of 
the local deposition of the pigment. Genes in trans 


A 



Figure S110. Drosophila wing spotting 


locations in the genome encode the transcription 
factors. (Gompel N et al 2005 Nature [Lond] 
433:481). ►cis-acting element, ►transacting ele¬ 
ment, ►piebaldism, ►transcription factors, ►KIT 
oncogene, ►variegation 

spp: The abbreviated plural of the word species. 

Spreader: A simple instrument for distributing micro¬ 
organisms on the surface of agar plates (see 
Fig. Sill). 

IU*— 

Figure Sill. Spreader 

Spreading: Moving silencing proteins along the chro¬ 
mosome. ► silencer 

Sprekelia formosissima (Amaryllidecea): Subtropical 
plant, n = ca. 60; genome size 1.8 x 10 11 bp. 

spretus: Mus spretus , a species of mouse, commonly 
used for genetic analyses. 

Springer: ►copia 

Spruce (Picea spp): Timber tree species with 2n = 2x = 
24. ►pine, ►douglas fir 

Sprue: A tropical intestinal disease, apparently due to 
infection(s). 

SP-Score: ►MP-score 

SPT: A suppressor of transposition (e.g., of a Ty 
element) and a regulator in SAGA function in yeast. 
The Drosophila homologs are Dspt4 and Dspt6. This 
family of genes encodes histones H2A and H2B and 
TATA-binding proteins. There is evidence for their 
regulation of transcription, replication, recombina¬ 
tion, and some developmental processes. ►SAGA, 
►histones, ►transcription, ►TBP; Yamaguchi Yet al 
2001 J Biochem 129:185. 

Spt Proteins: Spt proteins are involved in the elongation 
of RNA transcripts on DNA. ►RNA polymerase; 
Winston F 2001 Genome Biol 2(reviews):1006. 

SptP: ►SopE 

Squalene: ►prenylation 

Squamous: Squamous denotes scaly, e.g., as in squamous 
cell carcinoma, a form of epithelial cancer. Sunscreen 
provides some protection against it. C57BL/6 strain of 
mice is resistant to skin squamous carcinomas (SCCs) 
induced by an activated Ras oncogene, whereas FVB/ 
N mice are highly susceptible. Susceptibility is under 
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the control of a carboxy-terminal polymorphism in the 
mouse Ptch gene. FI hybrids between C57BL/6 and 
FVB/N strains are resistant to Ras-induced SCCs, but 
resistance can be overcome either by elimination of 
the C57BL/6 Ptch allele ( PtchB6 ) or by overexpression 
of the FVB/N Ptch allele ( PtchFVB ) in the epidermis 
of K5Hras- transgenic FI hybrid mice. The human 
Patched (PTCH1, 9p22.3) gene is a classical tumor 
suppressor gene for basal cell carcinomas and 
medulloblastomas. Apparently, Ptch is critical for 
determining both basal or squamous cell lineage, and 
both tumor types can arise from the same target cell 
depending on carcinogen exposure and host genetic 
background (Wakabayashi Y et al 2007 Nature [Lond] 
445:761). ►epidermolysis, ►nevoid basal cell carci¬ 
noma, ►medulloblastoma; Lin JY, Fisher DE 2007 
Nature [Lond] 445:843. 

Squash: Cucurbita maxima (winter squash) 2n = 24,40; 
C. pepo (summer squash) 2n = 40; C. moschata 
(pumkin), 2n = 24, 40, 48. 

Squash Preparation: For microscopic analysis of 
chromosomes in soft (softened) tissues, there may be 
no need for sectioning but the fixed and stained material 
can be examined after smearing it directly on the 
microscope slide. In some cases, the fixation is done by 
gentle heating on the slide followed by adding a small 
drop of aceto-carmine or aceto orceine stain or even 
just placing the specimen into a drop of acetic stain 
and heating. These rapid procedures may permit 
an estimation of the stage of meiosis or mitosis, 
►microscopy, ►stains; Belling J 1921 Am Nature 
55:573. 

Squelching: The suppression or silencing of adverse 
effects. 

Squirrel: Tamiasciurus hudsonicus streatori , 2n = 46; 
Callospermophilus lateralis , 2n = 42; Ammospermo- 
philus , 2n = 32; Citellus citellus , 2n = 40. 

SRI: A cytoplasmic mutant of tobacco resistant to 
streptomycin. ► Nicotiana , ►streptomycin 

SR Motif: Serine/arginine-rich domains in RNA-binding 
proteins, involved in splicing pre-mRNA transcripts. 
They are required in the early steps of spliceosome 
assembly. One SR protein (SC35) alone is sufficient 
to form a committed complex with human p-globin 
pre-mRNA. Different single SR proteins commit 
different pre-mRNAs to splicing and different sets of 
SR proteins may determine the alternative and tissue- 
specific splicing within an organism. The SR proteins 
are regulated by phosphorylation/dephosphorylation. 
The ASF/SF2 SR-binding protein is required for 
genomic stability (Li X, Manley JL 2005 Cell 
122:365). ►splicing, ►spliceosome, ►processing, 


►primary transcript, ►introns, ►tissue specificity, 
►DEAD-box proteins, ►DEAH box proteins, 
►ESE; Tian H, Kole R 2001 J Biol Chem 
276:33833; Shopland LS et al 2003 J Cell Biol 
162:981. 

SR Proteins: ►SR motif 

SRA (steroid-receptor RNA activator): An RNA 
coactivator of steroid hormone receptors, ►nuclear 
receptors, ►RNA regulatory; Lanz RB et al 2002 
Proc Natl Acad Sci USA 99:16081. 

SRB: Protein stabilizing RNA polymerase II binding 
to general transcription factors and it phosphorylates 
pol II RNA polymerase. SRBs occur in eukaryotes 
from yeast to humans and have the forms, SRB 2, 4, 
5, 6, 7, 10, and 11. The CDK-like SRB genes involve 
mutation control and promotion/suppression of 
transcription by phosphorylating the carboxyl- 
terminal of RNA pol II. ►transcription factors, 
►transcription complex, ►kinase, ►CDK, ►RNA 
polymerase holoenzyme, ►open promoter complex, 
►regulation of gene activity, ►TUP, ►mediator 
complex; Hampsey M, Reinberg D 1999 Curr Opin 
Genet Dev 9:132; Carlson M 1997 Annu Rev Cell 
Dev Biol 13:1. 

SR-BI (scavenger receptor class BNI): A high-density 
lipoprotein receptor mediating cholesterol uptake and 
secretion into the bile. PDZK1 protein regulates its 
expression and controls HDL level, ►high-density 
lipoprotein, ►cholesterol; Nakamura T et al 2005 
Proc Natl Acad Sci USA 102:13404. 

SRBC: Sheep red blood cell. 

SRC: Rous sarcoma virus oncogene of chicken. Its 
product is a protein-tyrosine kinase, a cellular signal 
transducer. Its homology domains SH2 and SH3 are 
present in several cytoplasmic mediator and adaptor 
proteins in the signal transduction pathways in 
different organisms. These domains bind phospho- 
tyrosine or proline-rich residues. Phosphorylation, 
dephosphorylation and proteolysis regulate SRC. In 
humans, SRC is in chromosome 20ql2-ql3. SRC 
may be involved in both RAS-dependent and RAS- 
independent signaling pathways and may lead 
through either FOS or MYC to transcription factors. 
This family of non-receptor kinases includes Src, 
Yes, Fgr, Fyn, Lck, Hck, Blk, Zap70, Tec. Csk“ cells 
display increased Src, Fyn and Lyn activity. The Src 
proteins may also have autoinhibitory function. The 
Cbl oncogene acting downstream of Src is responsible 
for bone resorption in osteoporosis. c-SRC has been 
implicated in various types of cancers. Src enzyme 
with mutation Arg-388 to alanine with about 5% 
enzyme activity can be rescued to about half of normal 
activity by the use of the tautomerism-inducing small 
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molecule of imidazole under in vivo conditions (Qiao 
Y et al 2006 Science 311:1293). ►oncogenes, ►SH2, 

► SH3, ►signal transduction, ►Tec, ► Zap-70, ►Yes, 
►Fgr, ►Fyn, ►Lck, ►Hck, ►Blk, ►Csk, ►Cbl, 

► osteoporosis, ►imidazole, ►tautomeric shift, 
►TCR; Schlessinger J 2000 Cell 100:293. 

SRC-1 (steroid receptor coactivator-1): Enhances the 
stability of the transcription complex controled by the 
progesteron receptor. It is actually a co-activator of 
histone acetyltransferase and mediates the access of 
the transcription complex within the nucleosome. 
►transcription, ►progesteron, ►histone acetyltrans¬ 
ferase, ►N-CoR, ►TGF; Liu Z et al 2001 Proc Natl 
Acad Sci USA 98:12426; Auboef D et al 2002 
Science 298:616. 

SRE: A cis-acting enhancer element responding to 
serum induction: CC(AT) 6 GG (CarG box) is present 
in all serum response factor regulated genes. 
►MADS box, ►TCF, ►serum response element, 

► serum response factor 

SREBP (sterol regulatory element binding proteins): 
Hairpin shaped it is found in the membrane of 
the endoplasmic reticulum (ER). The N-terminal 
domain is in the cytosol and acts as a basic helix-loop- 
helix transcription factor. The C-terminus is also 
in the cytosol and it is complexed with the cleavage 
activating protein SREBP-SCAP, which has 8 
membrane-spanning regions. When the ER is low 
on sterols the complex is transferred to the cleavage 
compartment. In case of sterol overload the complex 
is sequestered into the ER and there is no cleavage. 
SREBP controls cholesterol and lipid homeostasis 
(Yang F et al 2006 Nature [Lond] 442:700). 
Cholesterol and oxysterol bind to a hexapeptide 
(MELADL) of the SREBP-escort protein Scap, and 
causes Scap to bind to Insig anchor proteins. 
Oxysterols bind to Insigs, causing Insigs to bind to 
Scap. Mutational analysis of the six transmembrane 
helices of Insigs reveals that the third and fourth are 
important for binding Insigs to oxysterols and to 
Scap. Thus Insigs are oxysterol-binding proteins, 
explaining the long-known ability of oxysterols to 
inhibit cholesterol synthesis in animal cells (Radha- 
kishnan A et al 2007 Proc Natl Acad Sci USA 
104:6511). SIP and S2P process SREBP. SREBP 
may suppress the insulin regulator IRS-2 and has a 
potential therapeutic role as a drug target in 
some diabetes (Ide T et al 2004 Nature Cell Biol 
6:351; Sun L-P et al 2007 Proc Natl Acad Sci USA 
104:6519). ►sterols, ►cholesterol, ►oxysterol, ►sta¬ 
tins, ►Insig, ►Rip, ►SCAP, ►lipodystrophy, ►diabe¬ 
tes, ►ATF2; ShimanoH2001 Progr Lipid Res 40:539; 
Dobrosotskaya IY et al 2002 Science 296:879. 


SRF (serum response factor): A transacting regulatory 
protein binding to SRE and regulating serum-induced 
gene expression, ►trans-acting element, ►serum 
response element; Kim SW et al 2001 Oncogene 
20:6638. 

SRK: Self-compatibility protein receptor kinase. An 
Srkl kinase associated with Cdc25 phosphatase 
controls mitotic checkpoints (Lopez-Aviles S et al 
2005 Mol Cell 17:49). ►self-incompatibility, 

► Cdc25, ►checkpoint; Takayama S et al Nature 
[Lond] 413:534. 

sRNA: ►suppressor RNA 

sRNA: ►RNAi 

S-RNase: A ribonuclease responsible for pollen rejec¬ 
tion (with factor HT) in self-incompatible plants, 

► self-incompatibility ; Luu DT et al 2001 Genetics 
159:329. 

SRP (signal recognition particle): An element of 
polypeptide transport systems through the mem¬ 
branes of the endoplasmic reticulum in eukaryotes 
and to the plasma membranes in prokaryotes. Some 
of the polypeptides are inserted in the endoplasmic 
reticulum and others are destined toward the cell 
membrane for secretion. The subunit (Ffh), which 
recognizes the signal sequence as well as the a 
subunit (FtsY) of its receptor (SR) are GTPases. The 
SRP has a variable length RNA component (4.5 S in 
prokaryotes and 7SL in eukaryotes). The Ffh subunit 
has an N domain where the signal peptide binds and 
the G domain of the GTPases. Adjacent to the signal¬ 
binding pocket the methionine-rich M domain forms 
a small globular structure, which folds into helix- 
tum-helix type motif for binding the RNA compo¬ 
nent. ► 7SLRNA, ►endoplasmic reticulum, ►signal 
sequence recognition particle, ► signal peptide, ►Fts; 
Batey RT et al 2000 Science 287:1232; Oubridge C 
etal 2002 Mol Cell 9:1251. 

SRS2: A helicase protein; displays single-strand Dna- 
dependent ATPase activity. When mutant, it increases 
sensitivity to genotoxic agents and may cause 
chromosome loss. Normally, it suppresses RAD51- 
dependent recombination by dislodging RAD51 
protein but when it is defective, it increases recombi¬ 
nation. ►RAD51, ►PCNA; Krejci L et al 2003 
Nature [Lond] 423:305; Veaute X et al 2003 Nature 
[Lond] 423:309. 

SRY (sex-determining region Y, called earlier TDF 
[testis determining factor]): A mammalian gene in the 
short arm of the Y chromosome (Ypl 1.3) responsible 
for testis determination and for the development of 
pro-B lymphocytes. The protein (223 amino acids) is 
a member of the high-mobility group proteins. In mice 
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this HMG protein includes a large CAG trinucleotide 
repeat tract, which functions as a transcriptional 
trans-activator and it is required for male sex 
expression. The expression of SRY initiates the 
formation of the Mullerian inhibiting substance 
(MIS) and the synthesis of testosterone. For normal 
function of SRY three insulin or insulin-like receptor 
tyrosine kinases are required in mouse (Nef S et al 
2003 Nature [Lond] 426:291). SRY contains the 
DNA minor groove-binding domain, the HMG box 
that is conserved among mammals. Mutations 
affecting human sex-reversal are generally within 
the HMG box. Sex reversal may be the result of defect 
in the nuclear localization signals of SRY and the 
N-terminal signal is not recognized by the nuclear 
receptor protein P-importin (Harley VR et al 2003 
Proc Natl Acad Sci USA 100:7045). A human 
chromosome 17q24.3-q225.1-located gene SRA-1 
(sex reversal autosomal) may also be controlled by 
SRY. Another sex-reversal gene was identified in 
human chromosome 9p24. In rodents, several tda 
(testis-determining autosomal) alleles exist. In the 
short arm of the human X-chromosome (Xp21) there 
is the DSS (dosage-sensitive sex reversal) locus that 
may be involved in sex reversal (male—► female) in 
case of its duplication or in case the SRY alleles are 
weak. Deletion in the 160 kb DSS region (DAX) does 
not affect male development but may cause adrenal 
hypoplasia. Apparently the DAX gene encodes 
nuclear hormone receptors. DAX1 (NrObl) expres¬ 
sion ceases early in testis development but persists 
through the development of the ovaries. There is/are 
the SRYIF inhibitory factor(s) involved in gonadal 
differentiation. The voles (rodents) Ellobius lutescens 
2n = 17, XO constitution in males, and females and 
E. tancrei 2n = 32-54, XX in both males and females, 
as a normal condition do not have SRY, whereas SRY 
is present in other rodents as well as in other eutherian 
and marsupial species. The Sry gene is specifically 
expressed in the substantia nigra of the brain of rodent 
males in tyrosine hydroxylase-expressing neurons 
and it controls specific motor behavior. This 
condition is not the consequence of gonadal hormone 
action yet it contributes to the sexual differentiation of 
the brain (Dewing P et al 2006 Curr Biol 16:415). 
►high mobility group proteins, ►SOX, ►TDF, 
►Mullerian ducts, ►ZFY, ►animal hormones, 
►Wolffian ducts, ►campomelic dysplasia, ►eutheri¬ 
an, ► adrenal hypoplasia, ►Swyer syndrome, ►trinu¬ 
cleotide repeat, ►LINE; Murphy EC et al 2001 J Mol 
Biol 312:481; Yuan X et al 2001 J Biol Chem 
276:46647. 

o- s (RpoS): Required for the expression of many growth 
phase and osmotically regulated prokaryotic genes. 
► a subunit of RNA polymerase. 


SS Blood Group: ►MN blood group 

SSA (single-strand annealing): A repair mechanism 
apparently employed by prokaryotes and eukaryotes 
when one or more units of tandem repeats are 
eliminated by bacterial RecBCD-mediated degrada¬ 
tion or by other nucleases (see Fig. SI 12). ►DNA 
repair; Van Dyck E et al 2001 EMBO Rep 2:905; 
Paques F, Haber JE 1999 Microbiol Mol Biol Rev 
63:349, Diagram redrawn after Sugawara N et al 
2000 Mol Cell Biol 20:5300. 


Double-strand breaks 


Strands resected 5' to 3' 



complementary sequences paired 


Tails digested off, gaps filled, nicks ligated, 
deletions are generated 

Figure S112. SSA repair 

SSA: ►Hsp70 

Ssb: ►Hsp70 

SSB: A single-strand (DNA) binding protein; in yeast it 
is encoded by gene REAL ►recombination molecular 
mechanism, ►replication protein A, ►DNA repair 
(SOS repair); Reddy MS et al 2001 J Biol Chem 
276:45959. 

SSC: Somatic stem cell. ►ESC, ►stem cell 

SSC: 1 x SSC is a solution of 0.15 M NaCl + 0.015 M 
sodium citrate, frequently used as a solvent for 
nucleic acids. ►DNA extraction 

Ssc: ►Hsp70 

SSCA (single-strand conformation analysis): ►single¬ 
strand conformation polymorphism 

SSCP: ►single-strand conformation polymorphism 

ssDNA: A single-strand DNA. 

SSE: same as HSP, ►HSP 

SSEA (stage-specific embryonic antigen): Can be used 
as surface markers for undifferentiated embryonic 
stem cells. 

Ssh: ►Hsp70 

Ssi: ►Hsp70 
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SSI-1 (STAT-induced STAT inhibitor): ►STAT 

SSLP: ►simple sequence length polymorphism 

SSM (slipped-strand mispairing): ►unequal crossing 
over 

SSN6: The yeast factor abolishing glucose repression of 
SUC2 invertase and regulator of nucleosome posi¬ 
tioning in the chromatin. Other SSN genes are 
components of the RNA polymerase II complex and 
are negative regulators of transcription. ►5I/C2, 
► SNF, ►catabolite repression; Li B, Reese JJ 2001 J 
Biol Chem 276:33788. 

SSNC (second-site non-complementation): Two hetero¬ 
zygous recessive mutations at different chromosomal 
sites exhibit mutant phenotype by some sort of 
interaction in contrast to expectation that non-allelic 
recessive mutations would be complementary, ►cis- 
trans test, ►allelic complementation; Halsell SR, 
KiehartDP 1998 Genetics 148:1845. 

SSPA (significant segment pair alignment): Each 
sequence is used to align with a standard other 
sequences. It accommodates indels and other gaps. 
The information obtained can be used for searches for 
similarities in databases, ►indel, ►BLOSUM, 
►ITERALIGN; Brocchieri L, Karlin S 1998 J Mol 
Biol 276:249. 

SSR (small segment repeat or simple sequence repeat, 
microsatellite): These clusters of single to multiple 
nucleotides within the genome occurring per ~6 to 
~30 to ~80 kb in plants and per ~6 kb in mammals 
have been used as chromosomal markers in various 
types of genetic studies. They may show high degree 
of mutability. In bacteria, only very short repeats 
occur (contingency loci) and they facilitate bacterial 
adaptation, ►microsatellite, ►phase variation; Qi X 
et al 2001 Biotechniques 31:358; Bacon AL et al 
2001 Nucleic Acids Res 29:4405; Moxon R et al 
2006 Annu Rev Genet 40:307. 

SsrA (tmRNA, lOSa RNA): ►protein repair 

SSRP1 (structure-specific recognition protein): A high- 
mobility group protein probably targets FACT to the 
nucleosomes and facilitates gene transcription by 
RNA polymerase II. ►FACT, ►high-mobility pro¬ 
teins, ►transcription factors, ►nucleosome remodel¬ 
ing; Bruhn SL et al 1993 Nucleic Acids Res 21:1643. 

SSV: A simple sequence variation in DNA. 

ST-1: A single-stranded DNA phage, related to c|)X174 
and G4. ►map, ►c|)X174 and, ► GT, Figure SI 13 is 
by courtesy of D. N. Godson. 


l 



Figure S113. St-1 single-stranded DNA phage 

Stab Culture: The microbial inoculum is introduced into 
agar medium by a stabbing motion of the inoculation 
needle or loop for the purpose of propagation. 

Stabilizing Selection: ►selection types 

Stable RNA: Ribosomal and tRNA that persists long in 
the cell in comparison to mRNA that may be 
degraded in minutes. ►rRNA, ►tRNA, ►mRNA 

Stack: Sequence Tag Alignment and Consensus 
Knowledgebase: http://ziggy.sanbi.ac.za/stack/stack 
search.htm. ►gene indexing 

Stacking Gel: A porous gel on top of the SDS 
polyacrylamide electrophoresis running gel. It con¬ 
centrates large volumes into a thin, sharp band at the 
beginning of the run and thus permits sharper 
separation of proteins, ►electrophoresis, ►SDS 

STAGE (sequence tag analysis of genomic enrichment): 
A method similar to ChIP-chip for detecting protein 
factor binding regions but use extensive short 
sequence determination rather than genomic tiling 
arrays. ►ChIP, ►ChIP-chip, ►tiling, ►STAT; 
mapping chromosomal STAT: Bhing AA et al 2007 
Genome Res 17:910. 

Staggered Cuts: After a double-stranded DNA is cut, 
the length of the two polynucleotides is unequal. 


Staggered cuts 


Staggered Extension Process (StEP): A method for 
in vitro mutagenesis and recombination of polynu¬ 
cleotides. By using it, mutant proteins can be generated 
in vitro. The template sequences are primed, then 
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repeated cycles of denaturation and very short annealing 
and extension follows. In each cycle, the extended 
fragments anneal to different templates depending on 
complementarity, and the extension continues until full 
length is formed. The template switching generates 
recombined sequences from different parental se¬ 
quences. ►molecular evolution, ►directed mutation, 
►RNA-peptide fusions; Zhao H et al 1998 Nature 
Biotechnol 16:258; Xia G et al 2002 Proc Natl Acad Sci 
USA 99:6597. 

Stains: For light microscopic examination of chromo¬ 
somal specimens aceto-carmine, aceto-orcein or 
Feulgen stains are commonly used. Preparation: 
0.5-1 g dry carmine powder is boiled for about half 
an hour under reflux in 100 mL 45% acetic or 
propionic acid. Orcein 1.1 g is dissolved in 45 mL 
glacial acetic acid or propionic acid and filled up 
to 100 mL by H 2 0. Filter and store stoppered at about 
5°C. Feulgen: 1 g leuco-basic fuchsin is dissolved 
by pouring over 200 mL boiling H 2 0, shake, cool to 
50°C, filter, add 30 mL 1/N HC1, then 3 g K 2 S 2 0 5 , 
allow to bleach in dark for 24 h stoppered. Decolorize 
by 0.5 g carbon, shake 1 min then filter and store 
stoppered in refrigerator. For carmine or orcein 
staining, fix specimens in Camoy and stain. For 
Feulgen, fix in Farmer’s solution for a day, rinse with 
water, hydrolyze at 60 °C for 4-10 min. (The duration 
of hydrolyzation is critical and may need adjustment 
for each species). Rinse with stain for 1-3 h. Tease 
out tissue in 45% acetic acid, remove debris, flatten 
by coverslip and examine. May need overstaining 
with carmine if Feulgen staining is poor. For histologi¬ 
cal staining a variety of other stains may be used such as 
haematoxylin, methylene blue, ruthenium red, mala¬ 
chite green, Sudan black, coomassie blue, fluoro- 
chromes, etc. may be employed, ►fixatives, 
► sectioning, ►light microscopy, ►C-banding, 
►G-banding, ►Q-banding, ►chromosome painting, 
►harlequin stain, ►FISH, ►fluorochromes, ►aequorin 

Stamen: The male reproductive organs of plants 
composed of the anther, which contains the pollen 
and the filament (see Fig. SI 14). ►anther, ►pollen 



Figure S114. Stamen 


Stamen Hair Assay: ►Tradescantia 

Stamina: The capacity to endure, vigor. 

Staminode(s): Infertile stamen(s). 

Staminate Flower: The male flower of monoecius or 
dioecious plants. 

Stammering: A most serious form of speech defects, 
stuttering. The sufferers usually cannot talk fluently 
and after involuntary stops repeat syllables or entire 
words. The frequency of stammering is very frequent 
among Japanese and very unusual among American 
Indians. Autosomal dominant inheritance seems to be 
involved. Apparent linkage to chromosomes 1, 5 and 
7 was detected and to chromosome 12 the linkage 
displayed lod scores 4.61 to 3.51 (Riaz N et al 2005 
Am J Hum Genet 76:647). ►lod score, ►stuttering 

Standard: An accepted point of reference, e.g., standard 
wild type, ►control 

Standard Deviation (parametric symbol a): A mea¬ 
sure of the variabili ty of members of the popula¬ 
tions s = ^variance, ►variance, ►standard error, 
►normal deviate 

Standard Error: Measures the variation of the means of 
various samples of a population sy^ (by some 
authors standard error and standard deviation are used 
as synonyms); standard error of proportions or 
fractions or frequencies is shown by the boxed 
formula where p = proportion or frequency and n is 
the population size (or number of measurements). 

Standard Type: Generally means the wild type used as a 
genetic reference, ►wild type 

Standardized Fitness: ►selection coefficient 

Stanford-Binet Test: A modified Binet intelligence test. 
►Binet test, ►human intelligence 

Stanniocalcin: The protein hormone inhibiting Ca 2+ 
uptake and stimulating phosphate adsorption in fishes 
and mammals. (See Varghese R et al 1998 Endocri¬ 
nology 139:4714). 

Staphylococcus aureus: A bacterium responsible for 
toxic shock, scarlet fever and hospital-acquired 
infections and various inflammations. In some strains 
a conjugative plasmid has been detected that harbors 
trimethoprim, P-lactam, aminoglycoside as well the 
Tnl546 transposon carrying also vancomycin resis¬ 
tance. The genome sequence and partial annotations 
of 27 bacteria phages of S. aureus are available 
(Kwan T et al 2005 Proc Natl Acad Sci USA 
102:5174). ►toxic shock syndrome, ►aminoglyco¬ 
sides, ► P-lactamase, ►trimethoprim, ►vancomycin, 
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►inflammasome; Kuroda M et al 2001 Lancet 
357:1225; Weigel LM et al 2003 Science 302:1569. 

STAR (signal transduction and activation of RNA): 
Generally, a 200 amino acid protein domain asso¬ 
ciated with the cell and RNA splicing. The tripartite 
domain has a single RNA-binding site, a KH module 
of different length (2-14) and flanked by QUA1 (80) 
and QUA2 (30) amino acid sequences. These com¬ 
plexes have been detected in a wide range of 
eukaryotic organisms and they appear to be regulators 
of translation. STAR family proteins may repress 
tra-2 and cause masculinization in females. ►Sam 
68, ►sex determination; Stoss O et al 2001 J Biol 
Chem 276:8665. 

STAR (signature-tagged allele replacement): May facil¬ 
itate genetic analysis in cases where mutational 
studies are impractical due to the essentiality of the 
gene for viability, ►signature of a molecule, ►target¬ 
ing genes; Yu Y et al 2001 Microbiology 147:431. 

STAR (subtelomeric antisilencing region): An insulator 
type sequence that protects a gene from the action of a 
silencer if it lies in between the silencer and the gene. 
► silencers, ►insulator 

StAR (steroidogenic acute regulatory protein, 8pl 1.2): 
Enhances mitochondrial conversion of cholesterol 
into pregnenolone, an intermediate in steroid bio¬ 
synthesis. Mutation in the coding gene results in 
deficiency of adrenal and gonadal steroidogenesis, 
and leads to congenital lipoid adrenal hyperplasia, an 
autosomal recessive disorder, ►cholesterol, ►steroid, 
►pregnenolone, ►hormones, ►adrenal hyperplasia; 
Petrescu AD et al 2001 J Biol Chem 276:36970. 

Starch: ►amylopectin 

Starfish: Asterias forbesi , 2n = 36 (see Fig. SI 15). 



Figure S115. Starfish 

Stargardt Disease: A complex recessive degenerative 
disease of the retina evoked by environmental factors 
such as smoking and high cholesterol. In both, 
the early onset form (macular dystrophy with flecks) 
and the age-related macular degeneration (AMD), 


mutations in the ATP-binding cassette transporter of 
the retina (ABCR) gene are involved. ABCR contains 
51 exons in chromosome Ipl3-p21. Physically the 
product is located in the outer segment of the retinal 
rods (called also rim protein). The autosomal dominant 
form is caused by mutation in the ELOVL4 gene, 
involved in fatty acid chain elongation. In mice, so 
affected undigested phagosomes and lipofuscin and 
other fluorophores accumulate and that is followed 
degeneration of the retinal pigment epithelium (Karan 
G et al 2005 Proc Natl Acad Sci USA 102:4164). In 
many cases, the disease is responsible for blindness. 
The Sorsby fundus dystrophy, an autosomal dominant 
disease, appears somewhat similar but it is caused by a 
malfunction of the tissue inhibitor metalloproteinase-3 
gene (TIMP3). ►ABC transporters, ►macular degen¬ 
eration, ► eye diseases, ►macular dystrophy, ►retinal 
dystrophy, ►retinitis pigmentosa, ►lipofuscin, ►pha¬ 
gosome, ► fluorophore 

Start: ►cell cycle 

Start Codon: AUG in RNA that specifies either 
formylmethionine (in prokaryotes) or methionine 
(in eukaryotic cells). Note that the Met codon in 
mitochondria varies in different organisms. In some 
organisms other triplets may also initiate translation. 
► genetic code 

Start Point: The position in the transcribed DNA 
where the first RNA nucleotide is incorporated, 
►transcription 

Stasis: An equilibrium state without change. 

STATs (signal transducers and activators of transcrip¬ 
tion): Cytoplasmic proteins, which become activated 
by SRC (SH2, SH3) mediated phosphorylation of 
tyrosine at around residue 700 and serine residues at 
the C-terminus through the action of Jak kinases, 
which are receptors for cytokine signals and enzymes 
at the cytosolic termini. PDGF, EGF and CSF cata¬ 
lyze phosphorylation also. The latter process requires 
the action of the 42 kDa MAPK or ERK2. Stat 1 
mediates reactions to microbial and viral infections. 
Stat4 protein is essential for interleukin-12 mediated 
functions such as the induction of interferon-y, 
mitogenesis and T lymphocyte killing and helper T 
lymphocyte differentiation. Disruption of STAT 2 & 3 
cause embryonic lethality. Synthetic Sta3-inhibitory 
peptide (corresponding of the Tyr 705 phosphorylation 
site of immunoglobulin G) reduced embryo trans¬ 
plantation by 70%. Normally phosphorylation of 
the luminal epithelium of the uterus by LIF (leukemia 
inhibitory factor) is required for implantation 
(Catalano RD et al 2005 Proc Natl Acad Sci USA 
102:8585). STAT 5A & B are required for breast 
development in mice, and for the stimulation of T cell 
proliferation. Stat5 tetramerization is associated with 
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leukemogenesis (Moriggi R et al 2005 Cell Metab 
1:87). Stats 1, 3, 4 recognize and activate different 
genes by binding to the TTCC(C/G) GGAA (TTN5 AA) 
sequences. Racl GTPase may regulate STAT 3 
activation through phosphorylation. Stat6 prefers 
TTN6AA. Cooperative binding of Stats makes possible 
the recognition of variations at the different binding 
sites. The sequence-selective recognition resides in their 
amino terminal domains. In humans, there are at least 
seven STAT genes encoding proteins of 750 to 850 
amino acids. The 130-amino-terminal residues bind 
to multiple sites in the DNA. Residues 600-700 are 
homologous to SH2 domains and mediate dimerization. 
Dismption of Stat activity leads to the loss of interferon- 
controlled immunity to pathogens. STAT genes can be 
found in mouse (m) and human (h) chromosomes: 
STAT1, STAT4: m 1, h 2ql2-q33, STAT 3, STAT 5A & 
B m 11, h 12ql3-ql4—1, STAT2 & 6: m 10, h 17qll.l- 
q22. Stat genes occur also in Drosophila and 
Dictyostelium. 

The PIAS family of proteins includes negative 
regulators of STATs. Stat3 is active in many tumors, 
including breast cancer. It probably activates Bc/2 
protein and is thus anti-apoptotic. Sta-21 protein inhibits 
breast cancer cells by reducing Stat3 binding to DNA 
(see Fig. SI 16) (Song H et al 2005 Proc Natl Acad Sci 
USA 102:4700). ►signal transduction, ►Jak-STAT 
pathway, ►signaltransduction, ►SRC, ►lymphocytes, 
►leptin, ►PDGF, ►EGF, ►CSF, ►SH2, ►SH3, 

► SSI-1, ►interferon, ►RAC, ►Bc^, ►apoptosis, 

► STAGE; Davey HW et al 1999 Am J Hum Genet 
65:959; Naka T et al 1999 Trends Biol Sci 24:394; Levy 
DE, Darnell JE 2002 Nature Rev Mol Cell Biol 3:651; 
Dupuis S et al 2003 Nature Genet 33:388. 



Figure S116. STA-21 

Stathmin (op 18): Regulates microtubule polymeriza¬ 
tion by affecting tubulins. The activity of Stathmin is 
controlled through phosphorylation by chromatin. 
Stathmin expressed in the amygdala of the brain 
modulates the psychological responses of innate and 
learned fear in mice (Shumyatsky GP et al 2005 Cell 
123:697). ►spindle; Gavet O et al 1998 J Cell Sci 
111:3333; Charbaut E et al 2001 J Biol Chem 27 
6:16146; Niethammer P et al 2004 Science 303:1862. 

Stathmokinesis: Mitotic arrest, ►spindle poison 

Statins: Inhibitors of 3-hydroxy-3-methylglutary 1-co¬ 
enzyme A reductase, an important enzyme of 


cholesterol biosynthesis. Cholesterol-lowering drugs 
reduce the incidence of Alzheimer disease too. Statins 
are useful also for the treatment of hypertension 
and autoimmune diseases by inhibiting MHC class II 
molecules and by shifting from T h l-type pro- 
inflammatory cytokines to T h 2-type cytokines. 

► cholesterol, ►lovastatin, ►SREBP, ►Alzheimer 
disease, ►autoimmune disease, ►MHC, ►Th, ►cy¬ 
tokine; Fassbender K et al 2001 Proc Natl Acad Sci 
USA 98:5856. 

Stationary Phase: The population size is maintained 
without increase or decrease. At this stage the genetic 
material may not replicate and the mutations occurring 
in bacteria are expected to be due to recombination. 
Mutation (chromosome breakage) in the stationary 
phase cells of higher eukaryotes may be one of the 
causes of cancer, ►growth curve; Bull HJ et al 2001 
Proc Natl Acad Sci USA 98:8334. 

Stationary Renewal Process: An assumption—based on 
a paper of R.A. Fisher (1947 Phil Trans Roy Soc B 
233:55)—that crossing over is formed as a regular 
sequence starting from the centromere and the length 
between two adjacent crossovers always following 
the same distribution. The idea that crossing overs 
begin at the centromere and proceed toward the 
telomere turned out to be incorrect yet the stationary 
renewal process gained entry into several later models 
of recombination, interference and mapping func¬ 
tions. ►mapping function; Zhao H, Speed TP 1996 
Genetics 142:1369. 

Statistic: An estimate of a property of an observed set 
of data (e.g., mean) that bears the same relation to 
the data as the parameter does to the population. 

► statistics 

Statistics: A mathematical discipline that assists in 
collecting and analyzing data; guides to make conclu¬ 
sions and predictions based on the analysis and reveals 
their trustworthiness by determining probability or 
likelihood. Authors with inadequate training in this 
discipline might have incorrectly used statistical 
procedures in some published papers (Giles J 2006 
Nature [Lond] 443:379; ►fluctuation test). Classical 
genetic analyses usually require statistical methods. 
Statistics is used for collections of facts on demogra¬ 
phy, industrial productivity, trade, etc., such as in 
statistical yearbooks. Statistics cannot replace the need 
for sound biological data (Spence MA et al 2003 Am J 
Hum Genet 72:1084). Sufficient statistics reduces 
the information to that needed for the parameter of 
interest and avoids nuisance parameters, ►probability, 
►Bayes’ theorem, ►likelihood, ►maximum likeli¬ 
hood, ►non-parametric tests, ►inference statistical, 
►nuisance parameter; Robbins LG 2000 Genetics 
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154:13; assistance for the use of the most frequen¬ 
tly needed statistical procedures: http://faculty.vassar. 
edu/^lowryWassarStats.html; http ://www.ruf. rice.edu/ 
rsj lane/rvls.html. 

Statistical Mechanics: Extrapolates from the micro¬ 
scopic structure to macroscopic features. 

Statolith: Granules that are believed to sense gravity in 
cells, ►gravitropism 

Stature in Humans: Influenced by environmental causes 
such as nutrition, disease, and injuries, by the use of 
various medications and by simple or complex 
genetic factors. Heritability of human height com¬ 
monly exceeds 80%. Prenatal anomalies of bone 
length may be determined by prenatal diagnosis. QTL 
analysis (Hirschom JN et al 2001 Am J Hum Genet 
69:106) of Scandinavian and Canadian populations 
involving 2327 individuals revealed linkage of height 
to 6q24-q25 (lod score 3.85), 7q31.3-q36 (lod score 
3.40), 12pll.2-ql4 (lod score 3.35), 13q32-q33 (lod 
score 3.56) and 3.26 (lod score 3.17, Wiltshire S et al 
2002 Am J Hum Genet 70:543). The most common 
types of genetically determined human dwarfism and 
other defects involving reduced stature are: achon¬ 
droplasia, hypochondroplasia, achondrogenesis, os¬ 
teochondromatosis, dyschondrosteosis, Russel-Silver 
syndrome, Smith-Lemli-Opitz syndrome, Opitz- 
Kaveggia syndrome, dwarfism, SHORT, Aarskog 
syndrome, Noonan syndrome, Hirschsprung disease, 
Turner syndrome, Trisomy, Mulibrey nanism, hairy 
elbows, Pygmy, ►growth hormone, ►growth 
retardation, ►limb defects, ►exostosis, ►regression, 

► lod score QTL 

STC (sequence-tagged connector): ►genome project 

STCH: ►Hsp70 

STE (sterile): Proteins are pheromone receptors and 
scaffolding proteins, and coordinate and organize the 
signal transduction paths in budding yeast. Ste3 and 
Ste2 are receptors of the a and a mating type factors, 
respectively. Ste7 is MAPKK, Ste4 is the p subunit, 
Stel8 is the y subunit of the G trimeric proteins, Ste5 
is a member of the MAPK cascade, Stell is 
MAPKKK, Ste 20 is a PAK/MEKKK protein and it 
is required for the MAPK activation of GPy. A Ste20- 
like protein kinase Mst regulates chromatin structure 
and apoptosis. Ste 12 is a transcription factor. In 
fission yeast, the homologs Byr are extra-cellular 
signal regulated kinase homologs of MEK and ERK. 
(The Ste [Stellate, 1^15.7] locus of Drosophila 
encodes protein crystals in the primary oocytes). 

► signal transduction, ►G proteins, ►pheromones, 
►MAPK, ►MEK, ►MEKK, ►MPl, ►FUS3, 
►KSS1, ►PAK, ►mating type determination in 
yeast; Graves JD et al 2001 J Biol Chem 


276:14909; Ura S et al 2001 Proc Natl Acad Sci 
USA 98:10148; Ge B et al 2002 Science 295:1291. 

Steady State: In a reaction enzyme-substrate concentra¬ 
tion and other intermediates appear constant over 
time but input and output are in a flow. 

Steel Factor (stem cell factor): A 40-50 kDa dimeric 
protein produced by the bone marrow and other cells 
and migrates to the hematopoietic stem cells. Its 
receptor is a transmembrane protein tyrosine kinase. 
► cell migration, ►hematopoiesis, ►tyrosine kinase, 
►microphthalmos, ►Kit oncogene, ►stem cell factor 

Steer: An emasculated bovine male animal, ►emascu¬ 
lation 

Steinemema carpocapsae: A nematode. ► Caenorhab- 
ditis , ►Xenorhabdus 

Steinert Disease (dystrophia myotonica 1, 19ql3.2- 
ql3.3): Dominantly inherited diseases affecting 
different tissues and it is caused by duplication of 
the CTG triplet in the DNA. ►myotonic dystrophy 

Stele: The core cylinder of vascular tissues in plant 
stems and roots, ►root 

Stem Cell Factor (SCF/M-CSF, 5q33.2-q33.3): Re¬ 
quired for the normal development of B lymphocytes. 
The Kit oncogene product is its receptor, ►lympho¬ 
cytes, ►B cells, ►Kit oncogene, ►M-SCF; Broudy 
VC 1997 Blood 90:1345; Smith MA et al 2001 Acta 
Haematol 105:143. 

Stem Cells: Stem cells of animals are not terminally 
differentiated, can divide without limit and when they 
divide the daughter cells, can remain stem cells or 
terminally differentiate in one or more ways (Hock H, 
Orkin SH 2005 Nature 435:573), or they may have 
a restricted potential for differentiation {transit 
amplifying cell) and with time only produce differ¬ 
entiated cells. When human embryonic stem cells 
(hESC) were encapsulated in (3D HA) hyaluronic 
hydrogels (but not within other hydrogels or in 
monolayer cultures on HA), hESCs maintained their 
undifferentiated state, preserved their normal karyo¬ 
type, and maintained their full differentiation capacity 
(Gerecht S et al 2007 Proc Natl Acad Sci USA 
104:11298). Among the 300-500 stem cell lines 
(existing in 2007), 59 human embryonic stem cell 
lines from 17 laboratories worldwide were character¬ 
ized. The lines were not identical, however, and 
differences in expression of several lineage markers 
were evident, and several imprinted genes showed 
similar allele-specific expression patterns, but 
some gene-dependent variation was observed. Some 
female lines expressed readily detectable levels of 
XIST, whereas others did not. No significant 
contamination of the lines with mycoplasma, bacteria 
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or cytopathic viruses was detected. Despite diverse 
genotypes and different techniques used for deriva¬ 
tion and maintenance, all lines exhibited similar 
expression patterns for several markers of human 
embryonic stem cells (International Stem Cell 
Initiative 2007 Nature Biotechnol 25:803). Differen¬ 
tiation could be induced within the same hydrogel by 
simply altering soluble factors. Mammalian embry¬ 
onic stem cells, derived from the inner cell mass of 
the blastocyst, are considered pluripotent, i.e., 
endowed with the potential to develop any type of 
cells under appropriate conditions. Pluriptency of 
embryonic stem cells is mediated by transcription 
factors Oct4, Sox2 and NANOG, which co-occupy 
substantial portion of their target genes, encoding 
mainly other transcription factors and by transcrip¬ 
tional regulatory circuits maintain the cell’s self¬ 
renewal (Boyer LA et al 2005 Cell 122:947; Wang J 
et al 2006 Nature [Lond] 444:364). Nanog expression 
in mouse is upregulated in embryonic stem cells by 
binding brachyury (T) and STAST3 to its enhancer 
element. Nanog then blocks bone morphogenetic 
protein-induced differentiation of mesoderm by 
interacting with Smadl and interfering with the 
recruitment of co-activators to the Smad transcrip¬ 
tional complexes (Suzuki A et al 2006 Proc Natl Acad 
Sci USA 103:10294). Under conditions of culture 
suitable for embryonic stem cells, adult mouse fibro¬ 
blasts required Oct3/4, Sox2, c-Myc and Kfl4 for the 
formation of pluripotent stem cells but Nanog was not 
necessary. These induced pluripotent stem cells (iPS) 
caused tumors in nude mice containing tissues from 
all three germlayers. When iPS was injected into 
blastocysts, mouse embryonic development ensued 
(Takahashi K, Yamanaka S 2006 Cell 126:663). Laser- 
assisted injection of ES cells into eight-cell-stage 
embryos efficiently generates viable and healthy mice 
that contain no more than 0.1% host cell contamination. 
These mice, derived from either heterozygous or 
homozygous mutant ES cells, can be used directly in 
phenotypic analyses. The mutant phenotypes in these 
mice are indistinguishable from those observed in mice 
derived by conventional breeding (Poueymirou WT 
et al 2007 Nature Biotechnol 25:91). 

An important development in stem cell research is 
the simultaneous and independent discovery of new 
methods for the production of pluripotent stem cells 
from adult somatic cells. These methods apparently 
obviate the need for using human embryos to which 
moral, ethical and legal objections exist. Furthermore 
the technology required for harvesting and processing 
human eggs has several impediments. The new 
methods reprogram somatic cell nuclei to an undif¬ 
ferentiated state by the introduction of four transcrip¬ 
tion factors Octa4, Sox2, Nanog and Lin28 (Yu J et al 
2007 Science 318:1917) or Oct3/4, Sox2, Klf4 and 


c-Myc (Takahashi K et al 2007 Cell 131:861). In both 
sets of experiments the results were comparable to that 
obtainable by embryonic stem cells in cell morpholo¬ 
gy, proliferation, surface antigens gene expression, 
epigenetic status of pluripotent cell-specific genes and 
telomerase activity. The reprogrammed cells have the 
ability to differentiate into all three primary germ 
layers or form teratomas and appear suitable for all the 
uses embryonic stem cells. One cautionary note: the 
somatic cells (skin fibroblasts) were transformed by a 
retroviral vector containing a mouse viral receptor 
(Sic7al). The vector integrated into more 20 sites of 
the human chromosomes and increased the risk of 
tumorigenesis by more than 20% in mice. The c-Myc 
reactivation might have been the major cause of the 
problem. c-Myc may not be absolutely necessary and 
other constructs can be used; the report in Science 
actually does not use it. The technical problems will 
certainly be ironed out in the future. 

Identification of stem cells requires appropriate 
cell autonomous markers that distinguish them from 
other cells in a tissue. Only a few of such markers have 
been found and they seem to suppress translation as a 
means of preventing their differentiation (Siddall NA 
et al 2006 Proc Natl Acad Sci USA 103:8402). 

It appears that in Drosophila, the double-stranded 
RNA processing enzyme (Dicer) controls stem cell 
development in as much as microRNAs are required 
for the germline stem cells to bypass the Gl/S 
checkpoints and maintain ability for continuous cell 
division (Hatfield SD et al 2005 Nature [Lond] 
435:974). They occur in various tissues. Drosophila 
ovarian germ cells may dedifferentiate into stem cells 
(Kai T, Spradling A 2004 Nature [Lond] 428:564). In 
Drosophila ovaries ISWI chromatin remodeling 
protein controls germline stem cell status mainte¬ 
nance whereas in the ovarian somatic stem cells the 
DOM chromatin remodeling factor is critical (Xi R, 
Xie T 2005 Science 310:1487). Adult mouse ovaries 
can rapidly generate hundreds of oocytes despite the 
small number of germ cells. Spermatogonial stem 
cells of adult mouse testis also display pluripotency in 
27% and acquire embryonic stem cell properties 
(Guan K et al 2006 Nature [Lond] 440:1199). Bone 
marrow transplantation restores oocytes production 
in chemosterilized or ataxia telangiectasia mutated 
gene-deficient sterile animals. Also, oocytes carrying 
donor-derived genetic markers were detected after 
peripheral blood transplantation (Johnson J et al 2005 
Cell 122:303). The conclusions of the Johnson et al 
2005 paper have been questioned (Powell K 2006 
Nature [Lond] 441:795, ►oocyte primary). Although 
some studies indicate karyotypic stability in stem cell 
cultures (Amit M et al 2000 Dev Biol 227:271), more 
recently aneuploidy (gain of human chromosomes 
17q and 12) has been observed (Draper JS et al 2004 
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Nature Biotechnol 22:63). Spontaneous mutation 
rate/nucleotides in embryonic stem cell cultures after 
repeated passage is ~10 -9 and the alterations may 
involve also genomic copy number (45%), mtDNA 
sequence (22%) and promoter methylation (90%). 
These mutations may or may not have serious 
consequences depending on their selective value 
(Maitra A et al 2005 Nature Genet 37:1103). 

Stem cells, by definition, are expected to multiply 
in an undifferentiated state, besides giving rise to 
specialized cells, in practice, after a period of time 
they undergo aging and decline (see Fig. SI 17). In 
mouse embryonic stem cells both X chromosomes are 
demethylated or have reduced methylation and this 
indicates that both X chromosomes are active although 
one is frequently lost (Zvetkova I et al 2005 Nature 
Genet 37:1274). A chromosome 2 (odd ratio 4.4) factor 
of mouse controls aging of hematopoietic stem cells. 
Apparently, inadequate DNA repair is responsible for 
the process (Geiger H et al 2005 Proc Natl Acad Sci 
USA 102:5102). 

The gene expression profile in embryonic, neural 
and hematopoietic stem cells displays some overlaps 
yet distinct specificities are also evident (Ramalho- 
Santos M et al 2002 Science 298:597; Ivanova NB 
et al 2002 Science 298:601). More recent data indicate 
that embryonic stem cells obtained by fertilization 
or nuclear transfer are functionally equivalent 
(Brambrink T et al 2006 Proc Natl Acad Sci USA 
103:933). The favorable environment (niche) of 
hematopoietic stem cells was located to the surface 
of the bone marrow at the surface of the cancellous 
(spongy) material of the trabeculae ossis (anastomos¬ 
ing spicules of the bones). At this location, the number 
of spindle-shaped, N-cadherin + -CD45~ osteoblasts 
positively correlates with the number of hematopoie¬ 
tic stem cells (Zhang J et al 2003 Nature [Lond] 
425:836). Notch activation is required for the increase 



of osteoblast number (Calvi LM et al 2003 Nature 
[Lond] 425:841). The frequency of hematopoietic and 
epidermal stem cells within these tissues is ~ 1 x 10 -4 
(Schneider TE et al 2003 Proc Natl Acad Sci USA 
100:11412). Cryopreserved hematopoietic cord blood 
stem cells may remain functional after 15 years of 
storage (Broxmeyer HE et al 2003 Proc Natl Acad 
Sci USA 100:645). Umbilical cord blood is rich 
in hematopoietic and other stem cells are gaining 
increasing attention especially for HLA-mismatched 
recipients (Newcomb JD et al 2007 Cell Transplant 
16:150). Human umbilical cord blood hematopoietic 
stem/progenitor cells transplanted in utero into mouse 
may differentiate into human hepatocyte-like cells 
with evidence of the expression of human hepatocyte- 
specific proteins as well as partially repair or protect 
liver damage induced by CC1 4 (Qian H et al 2006 Int J 
Mol Med 18:633). Pre-immune fetus develops a no 
injury human-rat xenograft in which the in utero 
transplantation of low-density mononuclear cells 
(MNCs) from human umbilical cord blood (hUCB) 
into fetal rats at 9-11 days of gestation led to the 
formation of human hepatocyte-like cells (hHLCs) 
with different cellular phenotypes (Sun Y et al 2007 
Biochem Biophys Res Commun 357:1160). 

Several investigators reported that the bromodeox- 
yuridine or other nucleoside (analog)-labeled bone 
marrow cells transplanted into mouse brains trans¬ 
formed into new neurons and supporting glial cells 
(e.g., Kopen GC et al 1999 Proc Natl Acad Sci USA 
96:10711). These findings may be flawed (Bums TC 
et al 2006 Stem Cells 24:1121), however, because the 
original bone marrow cells so labeled may decay and 
other cells can pick up the label or even cell markers 
and the observations may be misleading (Kuan C-Y 
et al 2004 J Neurosci 24:10763). 

Embryonic mouse stem cells differentiate into T 
lymphocytes in vitro if co-cultured with OP9 cells 
with the Notch receptors engaged by Delta-like 1 
ligand. The T cells are functional in immunodeficient 
mice (Schmitt TM et al 2004 Nature Immunol 5:410). 
Also, human embryonic stem cells, transferred into 
human thymic tissue growing in immunodeficient 
mouse, resulted in the differentiation of T lymphoid 
cells that appeared functional by being able to express 
appropriate markers (Galic Z et al 2006 Proc Natl 
Acad Sci USA 103:11742). Adult neural stem cells 
may differentiate into cells of diverse germ layers 
with broad developmental potentials. The balance 
between self-renewal of stem cells and differentiation 
seems to be determined by the signal receptors or 
their phosphorylation in the neighboring cells. In the 
ovaries of mammals, the initial stem cells are arrested 
after a finite number of divisions and then enter into 
meiotic prophase. Functionally they resemble the 
meristem in plants. The embryonic germ cells (EG) 


Figure S117. Blastocyst 
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have been used for transfer into mouse blastocysts 
and are capable to differentiate into most types of fetal 
tissues, including the germline. 

Oocyte differentiation takes place in vitro in 
mouse embryonic stem cell medium in the presence 
of Oct4 transcription factor. Follicular structures are 
formed and blastocyst-like structures were observed. 
After 16 days, the oocytes were ready for meiosis but 
did not proceed beyond prophase (Flubner K et al 2003 
Science 300:1251). Mouse embryonic stem cells, 
however, differentiated into primordial germ cells, 
erased methylation, characteristic for Igf-2 and HI 9 
gene methylation in imprinting, and developed into 
haploid male gametes and were capable of—apparently 
normal—fertilization of eggs (Geijsen N et al 2004 
Nature [Lond] 427:148). From embryonic stem cells 
the regeneration of viable, fertile adults, using tetra- 
ploid embryo complementation, has been reported 
(Eggan K, Jaenisch R 2003 Methods Enzymol 365:25). 

The synthetic heterocyclic compound, SCI, per¬ 
mits the propagation of murine embryonic stem cells 
in an undifferentiated, pluripotent state under chemi¬ 
cally defined conditions in the absence of feeder cells, 
serum, and leukemia inhibitory factor. Long-term 
SCI-expanded murine ES cells can be differentiated 
into cells of the three primary germ layers in vitro and 
can generate chimeric mice and contribute to the 
germ line in vivo. Biochemical and cellular experi¬ 
ments suggest that SCI works through dual inhibition 
of RasGAP and ERK1 (Chen S et al 2006 Proc Natl 
Acad Sci USA 103:17266). 

Sterile, hermaphrodite male mouse could produce 
fertile offspring when nuclear transfer cells were 
injected into normal, diploid blastocysts. Many of the 
offspring were chimeric but one was found, which 
transmitted genes from the sterile hermaphrodite to 
fertile daughters and thus overcame the problem 
of the “father,” which originally lacked germ cells 
(Wakayama S et al 2005 Proc Natl Acad Sci USA 
102:29). The feasibility of culturing pluripotent 
(endoderm, mesoderm, ectoderm) human embryonic 
stem cells (ES) opens new potential for the generation 
of tissues (Smith AG 2001 Annu Rev Cell Dev Biol 
17:435). They may be used for the purpose of 
transplantation and study and treat neurodegenerative 
diseases (Jakel RJ et al 2004 Nature Rev Genet 
5:136), spinal cord injuries, liver diseases, diabetes, 
immunological diseases, cancer and find means for 
the repopulating of hematopoietic cells, etc. (Krause 
DS et al 2001 Cell 105:369). Human central nervous 
system cells grown as neurospheres survive, migrate 
and express differentiation markers for neurons and 
oligodendrocytes after long-term engraftment in mice 
with spinal cord injuries. Locomotor activity was also 
restored (Cummings BJ et al 2005 Proc Natl Acad Sci 
USA 102:14069). 


Stems cells derived from another individual 
may lead to adverse immune reaction. Neural stem 
cells repeatedly provided protection against inflam¬ 
mation of the central nervous system of mouse 
with an immune-like mechanism (Pluchino S et al 
2005 Nature 436:266). Allogeneic, hematopoietic 
bone marrow cell transplantation into host cells 
treated by ionizing radiation or other immunosup¬ 
pressive techniques, however, may become perma¬ 
nently tolerant of the foreign stem cells. The 
intolerance to a third-party donor, however, is not 
entirely solved (Sykes M, Nikolic B 2005 Nature 
[Lond] 435:620). 

The immunological intolerance can be prevented 
when blastocysts formed from donated human 
oocytes (preferably by less than 30 years old donors) 
are used into which the nucleus of potential female or 
male recipient’s own skin cells is transferred. The 
blastocysts were generated by this nuclear transfer by 
an average of ~24% success. The immunological 
identity of the stem cells to that of the donor was 
confirmed. In addition, this newer procedure solved 
another problem, i.e., rather than using mouse feeder 
cells it employed human feeders (Hwang WS et al 
2005 Science 308:1777). These developments may 
assure progress toward medical use of embryonic 
stem cells. Some of the results, unfortunately, have 
been questioned and there is evidence on faking and 
fabricating some or much of the data. Authors have 
withdrawn the paper after an international uproar 
(Kennedy D 2006 Science 311:36) and on 20 January 
2006, the Editor withdrew the invalid papers of this 
research group (Kennedy D 2006 Science 311:335). 

The production of embryonic stem cells by somatic 
nuclear transfer into oocytes remained unsuccessful 
for primates. The failure has been attributed to an 
effect of the nuclear spindle in the oocyte due to 
maturation factor deficiency that prevented proper 
reprogramming of the introduced nucleus. Complete 
removal of the meiotic spindle from the karyoplasts 
was a key factor for reprogramming. Then the donor 
fibroblast nuclei were introduced into cytoplasts by 
electrofusion, incubated for 2 h to allow nuclear 
remodeling to occur, and subsequently activated and 
cultured to the blastocyst stage and 16% (35 out of 
213) blastocyst formation took place. This new 
protocol prevented premature cytoplast activation 
and maturation promoting. The rate of successful 
development of stem cells was relatively low but their 
quality appeared identical to that of embryonic stem 
cells. Factor decline resulted in robust nuclear 
envelope breakdown and premature chromosome 
condensation and in significantly increased blasto¬ 
cyst development in Macaca mulatta monkeys. 

The earlier failures were attributed to the detrimen¬ 
tal effect of fluorochrome bisbenzimide (Hoechst 
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33342) and ultraviolet on the relatively transparent 
primate oocyte. The dye and the UV light were 
used for the removal of the spindle. These factors 
apparently reduced cytoplast mitochondrial DNA 
function. The rate of successful development of stem 
cells was relatively low, 0.2-3.4% per oocyte and 
4-10% per blastocyst but their quality appeared 
identical to that of embryonic stem cells (Byme JA 
et al 2007 Nature [Lond] 450:497). 

In mouse pluripotent embryonic stem cells were 
generated from blastocysts, which were deficient in 
the Cdx2 transcription factor. Such blastocysts— 
generated by nuclear transfer—were unable to form 
functional trophectoderm, necessary for the develop¬ 
ment of the implanted embryo but formed normal 
internal cell mass, a suitable source for pluripotent 
embryonic stem cells. This procedure was named 
ANT (for altered nuclear transfer). The mouse model 
thus excluded the development of embryos from the 
blastocysts yet provided good source of pluripotent 
stem cells overcoming the ethical objections—in case 
of humans—to destroying and manipulating embryos 
(Meissner A, Jaenisch R 2006 Nature [Lond] 
439:212). Withdrawing single cells from mouse 
blastomeres or using trophoblast cells permits the 
normal development of the embryo and the isolated 
cells form embryonic stem cell lines with pluripotent 
capabilities (Chung Y et al 2006 Nature [Lond] 
439:216). Arrested human embryos can express 
pluripotency marker genes such OCT4, NANOG 
and REX1 and others, and can differentiate under in 
vitro and in vivo conditions into three germ layers. 
All the new lines derived from late arrested embryo 
have normal karyotype. Such stem cells may obviate 
the need for using normal embryonic stem cell lines 
(Zhang X et al 2006 Stem Cells 24:2669). Undiffer¬ 
entiated amniotic fluid stem cells (AFS) cells expand 
extensively without feeders, double in 36 h and 
are not tumorigenic. Lines maintained for over 250 
population doublings retained long telomeres and a 
normal karyotype. AFS cells are broadly multipotent. 
Clonal human lines verified by retroviral marking 
were induced to differentiate into cell types repre¬ 
senting each embryonic germ layer, including cells of 
adipogenic, osteogenic, myogenic, endothelial, neu¬ 
ronal and hepatic lineages (De Coppi P et al 2007 
Nature Biotechnol 25:100). 

Cells derived from single human blastomeres display 
the characteristics of embryonic stem cells and the 
biopsies show normal differentiation (Klimanskaya I 
et al 2006 Nature [Lond] 444:481). Adult bone marrow 
co-purifying with mesenchymal stem cells when 
injected into early blastocysts can develop into most 
types of cells (Jiang Y et al 2002 Nature [Lond] 
418:41). (The results of this paper by Catherine 
Verfaille laboratory was difficult to replicate by 


other laboratories because of the complicated technique 
used [Nature 442:344] and there are some errors in 
details but the main conclusions seem valid) (Check E 
2007 Nature [Lond] 447:763). Bone-marrow-derived 
stem cells regenerate into liver cells primarily after 
fusion with hepatocytes (Vassilopoulos G et al 2003 
Nature [Lond] 422:901). There is evidence that bone 
marrow-derived stem cells develop into neurons, 
cardiomyocytes (heart muscle cell) and liver cells by 
fusion rather than by a transdetermination type 
mechanism (Alvarez-Dolado M et al 2003 Nature 
425:968). Recent studies could not confirm the 
transdifferentiation of hematopoietic stem cell into 
cardiac myocytes (Murry CE et al 2004 Nature [Lond] 
428:664; Balsam L et al ibid, p 668). Bone marrow- 
drived mesenchymal stem cells—despite their alloge¬ 
neic origin—successfully repaired damage inflicted 
by myocardial infarction when administered through a 
catheter intra-myocardially in pigs, closely following 
the time (three days after) of the infarction. The 
procedure provided good healing without rejection 
(Amado LC et al 2005 Proc Natl Acad Sci USA 
102:11474). Steel factor positive bone marrow-derived 
stem cells can repair the heart muscles by neovascular¬ 
ization and myogenesis after myocardial infarction 
in mice (Ayach BB et al 2006 Proc Natl Acad Sci 
USA 103:2304). Pluripotent murine stem cells can 
be converted to adipocyte lineage by bone morphoge¬ 
netic protein (BMP-4) if methylation is prevented 
(Bowers RR et al 2006 Proc Natl Acad Sci USA 
103:13022). A complex differentiation process con¬ 
verts human embryonic stem cells to endocrine cells 
capable of synthesizing the pancreatic hormones 
insulin, glucagon, somatostatin, pancreatic polypeptide 
and ghrelin. This process mimics, in vivo, pancreatic 
organogenesis by directing cells through stages 
resembling definitive endoderm, gut-tube endoderm, 
pancreatic endoderm and endocrine precursors to cells 
that express endocrine hormones (D’Amour KA et al 
2006 Nature Biotechnol 24:1392). 

Normal embryonic stem cells, however, can 
rescue mouse embryos with cardiac defects because 
of being deficient in the Id proteins, which are 
dominant antagonists of basic helix-loop-helix tran¬ 
scription factors (Fraidenraich D et al 2004 Science 
306:247). Some postnatal rodent cardioblasts can 
develop into hilly differentiated cardiomyocyte lines 
(Laugwitz K-L et al 2005 Nature [Lond] 433:647). 
Cardiac stem cells ameliorated myocardial infarction 
when delivered by intravascular injection in rats 
(Dawn B et al 2005 Proc Natl Acad Sci USA 
102:3766) and similar observations were made in 
dogs (Linke A et al 2005 Proc Natl Acad Sci USA 
102:8966). Using adenoviral virus-derived vectors 
and homologous recombination, defects in hypoxan- 
thine phosphoribosyl transferase mutations could 
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be corrected at high efficiency in mouse embryonic 
stem cells by random integration within and between 
genes (Obhayashi F et al 2005 Proc Natl Acad Sci 
USA 102:13628). 

On polymer scaffolds the development of three- 
dimensional structures may be facilitated (Levenberg S 
et al 2003 Proc Natl Acad Sci USA 100:12741). It is 
conceivable that co-transplantation of hematopoietic 
stem cells and stem cell for other tissues using the same 
donor may become feasible. In order to maintain stem 
cells in culture in the pluripotent state, transcription 
factor Oct4 and the leukemia inhibitory factor (Lif), 
both must be expressed. When Lif is withdrawn various 
types of differentiation may begin. TCF and LEF may 
also be important. Actually this may be regarded as a 
teratocarcinoma type of growth. Hypoxia (ca. 5% 
oxygen)—rather than normal atmospheric conditions 
(21% 0 2 )—favors the maintenance of the embryonic, 
pluripotent stem cell state (Ezashi T et al 2005 Proc Natl 
Acad Sci USA 102:4783). 

In order to force the cells into a specific type of 
differentiation appropriate and special culture condi¬ 
tions must be established. In bone marrow-derived 
stem cells the presence of mesenchymal stem cells, 
sonic hedgehog and retinoic acid signals synergisti- 
cally promote the differentiation glutamatergic sen¬ 
sory neuron markers (Kondo T et al 2005 Proc Natl 
Acad Sci USA 102:4789). Retinoic acid, insulin 
(triiodothyronine) passage may lead to the differenti¬ 
ation of adipocytes. Employing c-Kit (a transmem¬ 
brane tyrosine kinase) + Erythropoietin may lead to 
the development of erythrocytes. Macrophage colony 
stimulating factor + IL-3, IL-1 lead to the differentia¬ 
tion of macrophages. Fibroblast growth factor 
and epidermal growth factor combinations coax the 
ES culture to form astrocytes and oligodendrocytes. 
There will be a potential for genetically engineering 
embryonic stem cells (ES) for special medical pur¬ 
poses. Undifferentiated mouse ES cells may become 
tumorigenic, developing into teratomas or teratocar- 
cinomas when introduced into an animal. A rich 
source of embryonic stem cells is the umbilical cord 
at birth. Epithelial cells, hair follicles, intestinal 
epithelium, multipotent brain cells, hematopoietic 
cell may be employed as potential ES. The full 
clinical exploitation of stem cell technology requires 
technical improvements (Humpherys D et al 2001 
Science 293:95). 

On 19 December 2000, the British Parliament 
approved greater freedom in embryonic stem-cell 
research (Ramsay S 2000 Lancet 356:2162). On 15 
June 2006, the parliament of the European Union 
voted for lifting the ban on funding for human 
embryonic stem cells (Vogel G 2006 Science 
312:1732). In the U.S., human embryonic stem cell 
research can be funded by government agencies only 


on the existing ca. 60 cell lines (9 August 2001). 
Many research workers are dissatisfied with this 
restriction. Although embryonic stem cells are 
supposed to have the potential to develop into any 
kind of differentiated cells—in fact, there are 
differences among embryonic stem cells because 
practically no two human beings are genetically 
identical—therefore, there is a need for the develop¬ 
ment of additional embryonic cell lines. (Monozygotic 
twins may not remain entirely identical genetically 
because of epigenetic changes during development). 
Stem cell research, thus, face great promises and great 
challenges; some of the problems are biological, others 
are ethical and regulatory. It is unfortunate that ethicists 
and public policy makers are not fully aware of 
the biology and some of the research workers are 
inclined to take political stands. The objection against 
the use of human embryonic stem cells (and destroying 
human embryos) could be eliminated if appropriate 
and effective means would be available for reprogram¬ 
ming somatic cells to embryonic state. One recent 
investigation fused human fibroblasts (2n = 46) with 
pluripotent embryo cells (2n = 46) into 92-chromosome 
cells, successfully securing their proliferation as 
reprogrammed somatic hybrid cells. Both component 
cells were appropriately marked and their fusion 
was verified. Similarly the embryonic state of the 
fusion product was established. This procedure of 
reprogramming would be of great significance if the 
chromosome number could be reduced to the normal 
level (2n = 46). Unfortunately, this is still a formidable 
obstacle to overcome (Cowan CA et al 2005 Science 
309:1369). 

There are many technical problems with human 
embryonic stem cell cultures because they—unlike 
mouse embryonic stem cells—require mouse fibro¬ 
blast feeder cells and a lipid-rich bovine serum 
(ALBUMAX) for maintenance of stem cell condi¬ 
tion. It appears that human cells take up from the 
animal products A-glycosyl neuraminic acid, which 
may cause rejection in humans if transplanted. In 
addition, the animal medium may transmit viruses of 
potential health hazard. 

The mouse cells also require LIF (leukemia 
inhibitory factor). LIF binds a LIF receptor and 
glycoprotein 130, which activate the Jak/Stat3 signal¬ 
ing pathway sustaining the cells in undifferentiated 
state. These factors, however, are not sufficient for 
human embryonic stem cells. Human stem cells need 
FGF2 (fibroblast growth factor) and noggin (an 
inhibitor of bone morphogenetic protein, BMP) in 
addition to serum, to keep the human stem cells in 
undifferentiated state. This new medium is, however, a 
substantial progress in developing useful human 
stem cell cultures (Xu R-H et al 2005 Nature Methods 
2:185). 
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No human embryos are supposed to be generated 
for the purpose of extracting stem cells or no fertilized 
and unused eggs generated by the process of in vitro 
artificial fertilization should be used for stem cell 
research. The objection to stem cell research origi¬ 
nates from the belief that life begins at fertilization 
and extracting embryonic stem cells from 4-5 days 
old blastomeres amounts to violation of the sanctity 
of life (►ensoulment). The ethical problems may be 
dispelled if somatic stem cells occurring in placental, 
umbilical or fat tissues are used. Another, albeit 
tenuous, possibility is to generate blastomeres by 
inserting diploid somatic nuclei into enucleated 
human eggs and cloning them. Transplantation of 
nuclei harboring human disease genes into oocytes 
may make it possible to generate large quantities of 
embryonic tissues for laboratory studies of the 
mechanism and potentially the treatment of the 
disease. Not all cells originate from stem cells as 
some terminally differentiated animal cells may retain 
significant proliferative capacity (Dor Y et al 2004 
Nature [Lond] 429:41). Stem cell antigen (Sca-1) is 
expressed in a small fraction of various cells such as 
of hematopoietic tissue, cardiac tissue, mammary 
gland, skin, muscle, testis, murine prostatic duct and 
the anti-apoptotic protein Bc/-2 may protect them to 
survive. The expression of Sca-1 and Bc/-2 may help 
in isolation and enriching the stem cell populations 
for therapeutic purposes (Burger PE et al 2005 Proc 
Natl Acad Sci USA 102:7180). Post-natal muscle- 
derived stem cells maintained proliferating ability 
for 300 doublings and displayed regenerating 
ability after transplantation into a mouse model of 
Duchenne muscular dystrophy even after 200 
doublings. After that lower muscle regeneration 
occurred and loss of CD34 expression and loss of 
myogenic activity were observed. Nevertheless, this 
appeared a remarkable long-term self-renewal for 
non-embryonic stem cells (Deasy BM et al 2005 Mol 
Biol Cell 16:3323). 

The exact mechanisms of the differentiation 
from stem cells into specific somatic cells are not 
entirely clear, yet compelling evidence is available 
for some cases of effectiveness in clinical applica¬ 
tions. Therefore, continued research is indispensable 
(Quesenberry PJ et al 2005 Science 308:1121). In 
2007, three laboratories succeeded to some extent 
in producing pluripotent stem cells without the use 
of eggs or embryos by applying specific transcription 
factors in culture introduced into cells by viral vectors 
(Okita K et al 2007 Nature [Lond] 448:313; Wemig 
M et al 2007 Nature [Lond] 448:318; Maherali M et al 
2007 Cell Stem Cell 1:55). Unlike interphase 
zygotes, mouse zygotes temporarily arrested in 
mitosis can support somatic cell reprogramming, 
the production of embryonic stem cell lines and the 


fiill-term development of cloned animals. Thus, 
human zygotes and perhaps human embryonic 
blastomeres may become useful for stem cell research 
(Egli D et al 2007 Nature [Lond] 447:679). Earlier 
researchers concluded (McGrawth J, Softer D 1984 
Science 226:1317) that nuclei transferred to en¬ 
ucleated zygote cannot support development in vitro. 

There are various ethical and moral problems in 
transplantation of human neural stem cells into 
animals, particularly into non-human primates. These 
brain cells may after the cognitive development of 
animals, particularly if the implantation takes place at 
early embryonal or post-natal periods (Greene M et al 

2005 Science 309:385). To overcome the objections 
against the use of human embryonic stem cells and 
avoid the adverse immunological reactions to foreign 
cells, in 2007, pluripotent human embryonic stem 
cell (hESC) lines were obtained from blastocysts of 
parthenogenetic origin. Parthenogenesis was chemi¬ 
cally induced. The parthenogenetic human embryon¬ 
ic stem cells (phESC) demonstrate typical hESC 
morphology, express appropriate markers, and pos¬ 
sess high levels of alkaline phosphatase and telome- 
rase activity. The phESC lines had a normal 46, XX 
karyotype and had been cultured from between 21 to 
35 passages. The phESC lines form embryoid bodies 
in suspension culture and teratomas after injection 
to immunodeficient animals and give differentiated 
derivatives of all three embryonic germ layers 
(Revazova ES et al 2007 Cloning Stem Cells 9:432). 

►meristem, ►microRNA, ►regeneration in ani¬ 
mals, ► activin, ►nuclear transplantation, ►cryopres- 
ervation, ►niche, ►embryo research, ►oocyte, 
►transplantation, ►grafting in medicine, ►graft 
rejection, ►transplantation of nuclei, ►pluripotent, 
►Polycomb, ►therapeutic cloning, ►GSK3p, ►ter¬ 
atoma, ►hematopoiesis, ►hematopoietic stem cells, 

► diabetes, ►Krabbe’s leukodystrophy, ►mesenchy- 
ma, ►reprogramming, ►transcriptional priming, 
►hepatocyte, ►bone marrow, ►genetic engineering, 
►tissue engineering, ►leukemia inhibitory factor, 

► Oct, ►Sox, ►NANOG, ►Smad, ►Stat, ►brachy- 
ury, ►bone morphogenetic protein, ►KIT, ►LIF, 

► TCF, ►LEF, ►erythropoietin, ►PTEN, ►retinoic 
acid, ►adipocyte, ►insulin, ►macrophage colony 
stimulating factor, ►IL-1, ►IL-3, ►fibroblast growth 
factor, ►epidermal growth factor, ►metaplasia, 
►public opinion, ►transdetermination, ►MAPCs, 
►plasticity, ►cancer stem cell, ►EC, ►Parkinson 
disease, ►neurogenesis, ►helix-loop-helix, ►tran¬ 
scription factors, ►adoptive cellular therapy, ►satel¬ 
lite cells, ►trophoblast, ►transformation genetic, 

► sickle cell anemia; patents: Loring JF, Campbell C 
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Cell 100:143; Weissman IL 2000 Science 287:1442; 
Mezey E et al 2000 Science 290:1779; Edwards 
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Academic Press, Washington DC; 2003 Proc Natl 
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Nature Rev Genet 7:349; stem cells for neurological 
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Stem-Loop Structure: Any DNA or RNA that may 
have non-paired single strand loops associated with a 
double-strand stem similar to a lollipop (see 
Fig. SI 18). In the stem, the Watson-Crick pairing 
may not be perfect along its length, ►palindrome, 
►repeat inverted 



Figure S118. Stem-loop structure 


Stem Rust: Caused by infection of the basidiomycete 
fungus Puccinia graminis on cereal plants. The 
haploid spores produced on the wheat plant germi¬ 
nate on the leaves on barberry shrubs and form pycnia 
(pycnidium). The pycniospores of different mating 
types undergo plasmogamy and form dikaryotic aecia 
(aecidia) on the lower surface of the barberry leaves. 
The aeciosopores infect the wheat leaves and form the 


dark brown rust postules, called uredia. The dikar¬ 
yotic uredospores reproduce then asexually and 
spread the disease. At the end of the growing season 
karyogamy takes place and the diploid teliospores are 
formed. The teliospores overwinter and eventually 
undergo meiosis and liberate the haploid basidios- 
pores that germinate on barberry and restart the cycle. 
Stem rust may cause very substantial crop loss in 
wheat and other Gramineae. The newer varieties are 
genetically more or less resistant to the fungus. P. spp 
have chromosome numbers 3-6. ►host-pathogen 
relationship, ►rust 

Stenosis: The narrowing of a body canal or valve such 
as in the aorta, heart valve, pulmonary artery, 
vertebral canal, etc. ►restenosis 

Stenospermocarpy: Genetically determined abortion 
of the embryo soon after fertilization resulting 
in seedless normal size berries, a desirable trait of 
table grapes, ►seedless fruits 

Stenting: Medical use of some device that keeps a graft 
or a structure in place. 

Step: Single-target expression profile. 

Step Allelomorphism: A historically important concept 
that paved the way to allelic complementation and to 
the study of gene structure. In the late 1920s, Russian 
geneticists discovered that partial complementation 
among allelic genes may occur in a pattern and that 
was inconsistent with the then prevailing idea that the 
gene locus is the ultimate unit of function, mutation 
and recombination and that alleles are stereochemical 
modifications of an indivisible molecule, ►allelic 
complementation, ►Offermann hypothesis; Carlson 
EA 1966 The gene: A Critical History. W.B. Saunders, 
Philadelphia, Pennsylvania. 

Step Gradient Centrifugation: In the centrifuge tube 
usually three different concentrations of CsCl or 
sugar are layered without allowing mixing. The 
highest concentration is at the bottom of the tube. The 
different components of the mix, layered at the top, 
accumulate at the boundaries, which have higher 
density than the separated component. 

Stepwise Mutation Model (SMM): In this model, 
microsatellites may change by repeated gain or loss 
of small number of nucleotide repeats. Electropho¬ 
retic variations of enzymes may be also fitted to such 
a model, ►microsatellite, ►infinite allele mutation 
model, ►trinucleotide repeats; Moran PAP 1975 
Theor Popul Biol 8:318; Ohta T, Kimura M 1973 
Genet Res 22:201. 

Stereocilia: Protoplasmic thin filaments like the ones in 
the inner ear. Whirlin, a PDZ domain protein of the 
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Stereoisomers 


stereocilia interacts with a membrane-associated 
protein kinase (Ca 2+ -calmodulin serine kinase) and 
erythrocyte protein p55 (4.1 R) and plays similar 
roles (actin cytoskeletal assembly) in erythrocytes 
as well as in stereocilia (Mboru P et al 2006 Proc 
Natl Acad Sci USA 103:10973). ►deaftiess, ►PDZ 
domain; Frolenkov GI et al 2004 Nature Rev Genet 
5:489. 

Stereoisomers: Molecules of identical composition but 
with different spatial arrangement. 

Stereomicroscopy (dissecting microscopy): Used for 
visual analysis under relatively low magnification of 
natural specimens without sectioning. It has special 
advantage for dissecting structural elements with 
binocular viewing and top or side illumination 
without fixation and/or staining, ►confocal micros¬ 
copy, ► scanning electronmicroscopy, ►microscopy 

Stereotactic: An action precisely positioned in space 
such as irradiation of a small spot in the body, surgical 
introduction of cells, a genetic vector at a defined 
location of the brain, etc. 

Steric-Exclusion Model: This model of DNA replication 
states that the Watson-Crick hydrogen pairing is not 
an absolute necessity for the faithful replication of 
DNA but it is essential that the building block 
(not necessarily a purine or pyrimidine) would fit 
into the frame of the DNA double helix. A pyrene 
nucleoside triphosphate, with the size close to a 
nucleotide pair, has sufficient steric complementar¬ 
ity to fit into an abasic site and permits DNA 
replication (see Fig. SI 19). ►Watson and Crick 
model, ►DNA replication, ►hydrogen pairing, 
► abasic sites; Matray TJ, Kool ET 1999 Nature 
(Lond) 399:704. 



Figure S119. Pyrene nudeoside triphosphate 


Sterigma: A small stalk at the tip of a fungal basidium 
where spores come off. ►basidium 

Sterile Insect Technology (SIT): ►genetic sterilization 

Sterile RNA: ►germline transcript 

Sterility: Either the male, the female, or both types of 
gametes (haplontic), or the zygotes (diplontic) have 


reduced or no viability caused by lethal or semilethal 
genes, chromosomal defects, differences in chromo¬ 
some numbers or incompatible cytoplasmic orga¬ 
nelles. ► infertility, ►semisterility, ► somatoplastic 
sterility, ►cytoplasmic male sterility, ►incompatibil¬ 
ity, ► self-incompatibility, ►hybrid sterility, ►azoo¬ 
spermia, ► infertility, ►deletion, ►inversion, 
►translocation 

Sterilization: ►autoclaving, ►filter sterilization, ►pas¬ 
teurization, ► aseptic, ►axenic, ►radiation effects, 
► ethanol, ►hypochlorate, ►ethylene oxide, ►genetic 
sterilization, ►Cochliomya hominivorax, ►steriliza¬ 
tion humans, ►birth control 

Sterilization, Genetic: ►genetic sterilization 

Sterilization, Humans: Practiced by various societies for 
different reasons. The eunuchs of the Chinese 
imperial courts and of the Osmanic harems served 
as guardians of the privileges of tyrannical social 
structures. The castration of male Italian opera artistes 
were performed for singing in female roles, in an era 
when women were banned from the performing arts. 
In the 1880s, by the publications of Sir Francis Galton 
sought scientific justifications for negative eugenics 
in order “to produce a highly gifted race of men by 
judicious marriages during consecutive generations.” 
1890s initiated sporadic sterilization of institutiona¬ 
lized, mentally retarded persons. Starting in 1907, in 
about 14 states (USA), laws were enacted for 
systematic sterilization of mentally retarded, blind, 
deaf, crippled or afflicted by tuberculosis, leprosy, 
syphilis, and chronic alcoholism. This “practical, 
merciful and inevitable solution” eventually degen¬ 
erated into legal suggestions to eliminate criminal 
behavior, disease, insanity, weaklings and other 
defectives and “ultimately to worthless race types.” 
By the time strong moral objections gained noticeable 
ground in the year 1956, nearly 60,000 human 
individuals were legally sterilized. Interestingly, the 
Oklahoma law exempted from mandatory steriliza¬ 
tion offenses against prohibition, tax evasion, embez¬ 
zlement and political crimes. Several state laws 
advocated mandatory sterilization also as a guard 
against illegitimacy, particularly by unwed recipients 
of the Aid to Families with Dependent Children 
(AFDC). Until 1965, judicial approval could be 
obtained for a “good cause” for forced sterilization of 
mentally retarded individuals whose family had 
hardship in supporting the offspring of promiscuous 
children. Although not all states rescinded yet the 
old laws, sterilization of humans is now practiced 
only voluntarily by ligation of the vas deferens 
(vasectomy), tubal constriction, ovariectomy or by 
the use of various types of mechanical and hormonal 
contraceptives. Mandatory sterilization was practiced 
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for eugenic and social reasons in several enlightened 
countries (e.g., Sweden) until the 1970s. Compulsory 
sterilization is objectionable on moral ground because 
reproduction is a basic human right although the 
society cannot support irresponsible reproductive 
behavior in cases of certain genetic defects. Repro¬ 
ductive rights must be balanced with the right of bom 
and unborn children with potential severe genetic load 
(►wrongful birth) 

Sterilization is particularly reprehensible when 
advocated as a selective measure against certain 
human races. The Third Reich annihilated millions 
and sterilized thousands for eugenic and other evil 
reasons. From genetic perspective it is controversial 
since 83% of the mentally retarded children are bom 
to non-retarded parents. In addition, selection against 
the majority of human defects is quite inefficient, 
since the vast majority of the defective genes are 
in heterozygotes and many of the conditions are 
under polygenic control or are non-hereditary. 
Furthermore, there are no objective scientific or 
practical measures for the evaluation of most of 
the human traits, ►selection, ►selective abortion, 

► eugenics, ►polygenic, ►salpingectomy, ►vasecto¬ 
my, ► ovariectomy; Reilly P 1977 Genetics, Law, 
Social Policy. Harvard University Press, Cambridge, 
Massachusetts. 

Sternites: The ventral epidermal structures of the 
abdomen. ►Drosophila 

Steroid 5-Beta Reductase (SRD5B1, 7q32-q33): Cat¬ 
alyzes reduction of bile acid intermediates and steroid 
hormones. 

Steroid Dehydrogenase-Like Protein (NSDHL, 
XDq28): The mutations affect cholesterol biosynthesis 
and may cause male lethality. Hydroxysteroid dehy¬ 
drogenase (HSD3B1, 1 pi3.1) deficiency may involve 
adrenal hyperplasia, hypospadias and gynecomastia. 

► cholesterol, ► hypospadias 

Steroid Doping: Used by athletes to boost performance. 
Amphetamines increase alertness and may reduce 
onset of fatigue. Side effects are insomnia, exhaus¬ 
tion, violence and potential heart disease. The health 
hazards are increased if anabolic steroids, insulin, 
insulin-like growth hormone, etc., are used simulta¬ 
neously. Even non-steroid anti-inflammatory drugs 


may be risky because they mask pain and may 
aggravate injuries, ►anabolic steroids 

Steroid Hormones: Derived by the pathway shown in 
Figure SI20. [3] is the principal hormone of the 
endocrine gland, corpus luteum, in the ovarian 
follicle after the release of the ovum. 

They regulate the expression of the secondary 
sexual characters of females. [4] is the main male sex 
hormone that is produced in 6-10 mg quantities daily 
in men and ca. 0.4 mg in women. It is responsible 
for the production of facial hair and baldness and the 
regulation of growth [5] is formed by oxidative 
removal of C-129 from its precursor; primarily a 
female hormone occurring in the ovaries and placenta 
and it is responsible for regulating, among other 
functions, bone growth, increased fat content and 
smoother skin of females compared to men. This 
hormone is present also in the testes. In cooperation 
with progesterone it regulates also the menstrual 
cycles. [6] and [7] are synthesized in the kidney 
cortex and regulate, among others, mineral (Na + CU, 
HCO 3 ") reabsorption and are frequently called as 
mineralcorticoid hormones. [8] is a glucocorticoid 
affecting protein, carbohydrate metabolism regulates 
the immune system, allergic reactions, inflamma¬ 
tions, etc. [9] is also an anti-inflammatory glucocorti¬ 
coid with a role in activating the glucocorticoid 
receptors. The number of steroid hormones is about 
50 and they are present in practically every cell of the 
body, besides those mentioned, and they, along with 
thyroid hormones, have important roles in activation of 
genes. Up to 1966, the general assumption was that 
plants do not use steroid hormones. It has been 
demonstrated that brassinolids (related to cholesterol, 
ecdysone) mediate several developmental processes in 
plants, such as elongation, light responses, etc. The 
steroid receptor superfamily includes receptors for 
estrogen, progesterone, glucocorticoid, mineralcorti¬ 
coid, androgen, thyroid hormone, vitamin D, retinoic 
acid, 9-cis retinoic acid and ecdyson. The steroid 
hormone receptors stimulate the formation and then 
stabilize the pre-initiation complex of transcription. 
Most commonly the condition of their binding to the 
hormone response element is the binding to their 
appropriate ligands. 

Some, such as the thyroid hormone receptor, 
can bind to DNA in the absence of a ligand. In the 


| [4] Testosterone -> [5] Estradiole 

[1] Cholesterol -> [2] Prognenolone -> [3] Progesterone -> [6] Corticosterone -> [7] Aldosterone 
4 ^^ [8] Cortisol 

[9] Dexamethasone 


Figure SI20. Steroid hormone biosynthetic pathway 
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absence of the ligand, they function as silencers 
through interaction with the TFIIB transcription 
factor, ►hormone-response elements, ►silencer, 
►PIC, ►transcription factors, ►transcriptional acti¬ 
vator, ► coactivator, ►regulation of gene activity, 
► animal hormones, ►estradiol, ►aromatase, ►plant 
hormones, ►brassinosteroids, ►anabolic steroids, 
►prenylation, ►steroids, ► SRC-l; Losel R, Wehling 
M 2003 Nature Rev Mol Cell Biol 4:46. 

Steroid Receptor: ►hormone receptors 

Steroid Sulfatase Deficiency: ►ichthyosis 

Steroidogenic Factor-1: ►SF-1 

Steroids: Contain a four-ring nucleus consisting of three 
six-membered rings and one five-membered ring. 
(See structural formula in Figure S121, ►steroid 
hormones, ►brassinosteroids). 



Figure SI21. General structural formula of steroids 


Sterols: Lipids with a steroid nucleus. The concentra¬ 
tion of free sterols determines the fluidity of the 
eukaryotic cell membranes. Esterification of sterols 
prevents their participation in membrane assembly. 
The process is mediated the ACAT complex (acyl- 
CoA:cholesterol acyltransferase). Increase of ACAT 
activity may lead to hyperlipidemia and atheroscle¬ 
rosis. Sterol esterification may modify the LDL 
receptors and potentiates atherogenic processes. The 
ACAT inhibitor, CP-113-818 reduces amyloid pla¬ 
ques in mice (Hutter-Paier B et al 2004 Neuron 
44:227). It may limit intestinal sterol absorption. 

► hyperlipidemia, ► amyloids, ► atherosclerosis, 
►LDL, ►membranes, ►cholesterol, ►SREBP, ►phy¬ 
toestrogen, ► oxysterol; Kelley RI, Herman GE 2001 
Annu Rev Genomics Hum Genet 2:299; Xu F et al 
2005 Proc Natl Acad Sci USA 102:14551. 

Stevens-Johnson Syndrome (toxic epidermal necrolysis 
susceptibility, 6p21.3): The dmgs carbamazepine, 
phenobarbital and allopurionol may evoke cutaneous 
blistering, epidermal detachment, fever and potentially 
death. Han Chinese people are more likely to show this 
reaction than Caucasians. The maj or histocompatibility 
complex Class IB5801 allele may be responsible for it. 

► allopurinol, ►gout, ►HLA; Hung S-I et al 2005 Proc 
Natl Acad Sci USA 102:4134. 


stg (string, map position 3-99): Drosophila gene locus 
controlling the first ten embryonic divisions (similar¬ 
ly to gene Cdc28 in Schizosaccharomyces pombe ); it 
is a cyclin gene, ►cell cycle 

Stick-and-Ball Model: A representation of chemical 
structure (see Fig. SI 22). 



Figure S122. Stick- and ball model 


Stickiness of Chromosomes: Observed as some sort of 
adhesion between any chromosomes within a cell. 
► side-arm bridge 

Stickleback (Gasterosteus aculeatus , 2n = 42 visible 
chromosomes, XXIII linkage groups): Small, com¬ 
mon fresh and seawater fish (see Fig. SI 23). (See 
http ://cegs. Stanford, edu/index.j sp). 



Figure S123. Stickleback 


Stickler Syndrome (arthroophthalmopathy, AOM): An 
early and strong progressive myopia (nearsighted¬ 
ness) and hearing deficit. Retinal detachment may 
result in blindness, caused probably by a dominant 
mutation in the collagen (COL11A1) gene (human 
chromosome lp21). Overlapping mutations are 
responsible for the Marshall syndrome at lp21. 
Stickler syndrome 3 is located at 6p21.3. The 
collagen type II (COL2A1, 12ql3.11-ql3.2) defects 
of the Stickler syndrome involve achondroplasia, 
skeletal dysplasia, eye and hearing defects, ►colla¬ 
gen, ► eye disease, ►connective tissue disorders, 
► skin diseases; Annunen S et al 1999 Am J Hum 
Genet 65:974; Richards AJ et al 2000 Am J Hum 
Genet 67:1083. 

Sticky Ends: Double-stranded DNA with a single- 
stranded overhang to what complementary sequences 
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are available and so they can stick by base pairing 
(see Fig. SI 24). 


Figure SI 24. Sticky ends 


Stigma: The tip of the style that is normally receptive 
to the pollen of plants. In zoology, it means spot, 
such as a hemorrhagic small area on the body. 

► gametophyte female, ►gametophyte male, ►pro- 
togyny, ►protandry 

Stigmasterol: A plant lipid derivative formed by 
methylation of ergosterol. For guinea pigs, it is a 
vitamin necessary to avoid stiffness of the joints. 

► ergosterol, ►cholesterol 

Stilbene: ►resveratrol 

Still-Birth: The birth of a dead offspring. It is caused 
by chromosomal defects in ca. 7% of the stillborn 
or by other pathological conditions, ►chromosomal 
breakage 

Stipule: A leaf like bract at the base of a leaf (see 
Fig. S125). 



drift and other chance events may determine the gene 
frequencies. Mutations are assumed to occur at 
random, and selective forces acting upon these 
random alterations shape evolution. Generally, deter¬ 
ministic and stochastic processes run parallel and 
simultaneously, ►deterministic model 

Stochastic Detriment of Radiation: The combined risk 
of cancer, genetic damage and life shortening due to 
radiation exposure. The figures may vary according 
to tissues: for gonads it may be 1.33, for bone marrow 
1.04, for breast 0.24, for liver 0.16 (in 1(T 2 Sv -1 ), etc. 
►radiation hazards 

Stock: A genetically defined strain of organisms; also a 
root stock on what a scion is grafted. 

Stock, Garden (Matthiola incana ): ►Matthiola 

Stoke: A unit of kinematic viscosity (the ratio of 
viscosity to density), ►viscosity 

Stolon: A horizontal underground stem such as the 
tuber-bearing structures of potatoes. 

Stoma (plural stomata): A small pore on the leaf surface 
surrounded by two guard cells, which control 
opening and closing. Basic helix-loop-helix proteins 
under the control of three genes (Plitteri LJ et al 2007 
Nature [Lond] 445:501) control stoma differentiation, 
although several other factors also have regulatory 
role. The stoma permits gas exchange (C0 2 uptake), 
and release of water vapors (transpiration). The 
opening of the stomata requires an increase in the 
turgor of the guard cells (see Fig. SI 26). It had been 
suggested that the process could be promoted by 
opening of K + and Cl channels and the subsequent 
influx of K + and C/ _ . A light controlled proton pump 
activates the opening of the K + channel. The closure of 
the stomata is controlled by the hormone ABA and the 
influx of Ca 2+ and the efflux of K + and C/ _ . 


Figure S125. Stipules 


Stk: A macrophage-stimulating factor receptor, ►mac¬ 
rophage 

STM: ►scanning tunneling microscope 

Stnl: A telomere length determining protein factor of 
yeast working in concert with Cdcl3. ►Cdcl3; 
Grandin N et al 1997 Genes Dev 11:512. 

Stochastic: Corresponds to a random process; a process 
of joint distribution of random variables. In a popu¬ 
lation—in contrast to a deterministic model—random 


Figure S126. Open stoma 

The calcium level is sensed by a cyclin-dependent 
protein kinase (CDPK). Blue light photoreceptors 
CRY1 and CRY2 and phototropin genes PHOT1 and 
PHOT2 receptors regulate blue light response but 
the quadruple mutants cryl , cry 2, photl , phot2 
mutants barely responded. Mutation in COP1 (con¬ 
stitutive photomorphogenesis) permitted opening of 
the stomata in darkness and in blue light the triple 
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recessive mutants displayed open stomata (Mao J et al 
2005 Proc Natl Acad Sci USA 102:12270). Pattern of 
stoma development is controlled by a MAPKK 
kinase (Bergmann D et al 2004 Science 304:1494). 

Erecta mutants (er, erll , erl2) defective in the 
regulation in leucine-rich repeat receptor kinases 
cause clustering of the guard cells of the leaves (see 
Fig. SI 27) (Shpak ED et al 2005 Science 309:290). 
Besides stoma density in the erecta mutants, 
epidermal cell expansion, mesophyll cell prolifera¬ 
tion and cell-cell contacts regulate transpiration and 
photosynthesis in plants and determine the efficiency 
of carbon fixation (Masle J et al 2005 Nature [Lond] 
436:866). (For the phenotype of er/er see ► Arabi - 
dopsis thaliana entry.) 

In the regulation of stomata, Ca 2+ -dependent ATP- 
ases and GTP-ases have major role. The processes 
involve changes in the electric potentials (depolariza¬ 
tion). In the control of the ABA response, syntaxin- 
like proteins play a role. Sphingosine-1-phosphate 
level signals to calcium mobilization. Phospholipase 
Dal-produced phosphatidic acid signals to abscisic 
acid-promoted stomatal closure. Phospholipase Dal 
and phosphatidic acid interact with the Ga subunit of 
the heterotrimeric G protein to mediate abscisic acid 
inhibition of stoma opening (Mishra G et al 2006 
Science 312:264). Open stomata provide passive 
entry for bacterial infection of plants. Stomatal guard 
cells—as an innate immune reaction—perceive 
bacterial surface molecules by the FLS2 receptor, 
production of nitric oxide and guard cell-specific 
OST1 kinase and respond with stomatal closure. 
Some plant pathogenic bacteria have developed, 
however, a virulence mechanism for reopening the 
entry port (Melotto M et al 2006 Cell 126:969). ►ion 
channels, ►cell cycle, ►aequorin, ►calmodulin, 
► cyclin, ►ATPase, ►MAP kinase, ►GTPase, ►pro¬ 
ton pump, ►ABA, ►abscisic acid, ►phospholipase, 



Figure SI27. Rosette leaf epidermis wild type (left) and 
erecta triple mutant (right). Stomata express GUS activity. 
(Courtesy of Drs. Jessica McAbee and Keiko Tori) 


► syntaxin, ►sphingolipids, ►G protein, ►abscisic 
acid, ►phosphatidate, ►host-pathogen relation; Blatt 
MR 2000 Annu Rev Cell Dev Biol 16:221; Schroeder 
JI et al 2001 Nature [Lond] 410:327; Wang X-Q et al 

2001 Science 292:2070; Schroeder JI et al 2001 Annu 
Rev Plant Physiol Plant Mol Biol 52:627; Hether- 
ington AM 2001 Cell 107:711; Nadeau JA, Sack FD 

2002 Science 296:1697; Hosy E et al 2003 Proc Natl 
Acad Sci USA 100:5549; Hetherington AM, Wood¬ 
ward FJ 2003 Nature [Lond] 424:901. 

Stomatin: A cation conductance protein in the cell 
membrane, ►anesthetics 

Stone: ►scaffolds in genome sequencing 

Stop Codon: ►nonsense codon, ►genetic code 

Stop Signal: ►transcription termination in eukaryotes, 
►transcription termination in prokaryotes, ►stop 
codon, ►release factor [RF] 

Stoppers: Mitochondrial mutations in Neurospora 
displaying stop-start growth, ►poky 

STP: ► signal transfer particle 

STPp (second strand transfer protein): ►recombination 
mechanisms eukaryotes, ►Sep 1 

STR: Short/single tandem repeats, such as found in 
micro- and minisatellites. Using the profiles of only 
13 STRs it is possible to provide a rapid test for crime 
scenes; STR are used for forensic analysis and for 
population studies, ►microsatellite, ►minisatellite, 

► forensic genetics, ►DNA fingerprinting 

Strabismus: An anomaly of the eyes; they may be either 
divergent or convergent or one directed up, the other 
down because of the lack of coordination of the 
muscles concerned. Some persons display this 
anomaly only periodically. The pattern of inheritance 
is not entirely clear; most likely dominant factor(s) 
are involved. The recurrence among the offspring of 
convergent probands is higher than that among 
children of the divergent type. Its incidence in the 
general population is ~0.002. ►eye diseases, 
►Duane retraction syndrome, see Fig. S128. 

kl o 

Figure S128. Strabismus 


Strain: An isolate of an organism with some identifiable 
difference from other similar groups. This term does 
not imply any stringent other criteria. 
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Strain Distribution Pattern (SDR): The distribution of 
two alleles of a diploid among the progeny where 
linkage is studied either by a backcross or by 
recombinant inbred procedure, ►backcross, ►link¬ 
age, ►recombinant inbred 

Strand Assimilation: The exo gene of lambda phage 
codes for a 5'-exonuclease (M r 24,000) that can 
convert a branched DNA structure to an unbranched 
nicked duplex by the process called strand assimila¬ 
tion during recombination. A progressive incorpora¬ 
tion of one DNA strand into another during 
recombination (••••>) (see Fig. S129). ►recombina¬ 
tion, ► lambda phage 

Strand Bias: ►gene distribution 

Strand Displacement: A type of viral replication 
involving the removal of the old strand before the 
new strand is completed. Similar mechanism is used 
by mtDNA, ►D loop 

Stratification: Layering; in statistical analysis studying 
the population by, for e.g., age groups, ethnicity or 
other suitable attributes besides some other criteria of 
comparison, such as onset of a disease. Stratification 
may lead to false positive association; comparison of 
gene frequencies among population mandates appro¬ 
priate case controls. Principal component analysis 
and stratification is used by the method of Eigenstrat 
for minimizing spurious associations in disease 
studies (Price AL et al 2006 Nature Genet 38:904). 
Lactase persistence and tall stature was strongly 
associated in Americans of European descent 
(Campbell CD et al 2005 Nature Genet 37:868). 
► lactose intolerance, ►case control, ►descent; 
Hoggart CJ et al 2003 Am J Hum Genet 72:1492; 
Reich DE, Goldstein DB 2001 Genet Epidemiol 20:4. 

Stratification Artefact: The disease and control alleles 
dealt with are from different (ethnic) populations in 
case-control studies. Sib, parent or other family 
comparisons may correct the problems. Lower gene 
frequencies favor reliable result, ►case—control 
method 

Stratified Random Sample: Represents the entire 
population (including subpopulations) in a reliable 
manner. 


Stratocladistics: The study of evolution on the basis of 
fossil records. It minimizes the significance of 
homoplasy and lack of preservation of lineages that 
would preserve other lineages under examination. 
► cladistic 

Strauss Family: Viennese composers and conductors 
of three generations. Johann Strauss the Elder 
(1804-1849) became celebrated for his light waltzes 
and other dance music. His son Johann Strauss the 
Younger (1825-1899) is the author of the Blue 
Danube and many other waltzes was the most 
celebrated composer (see Fig. SI 30). His brothers 
Josef Strauss (1827-1870) and Eduard Strauss 
(1835-1916) were also famous conductors and 
composers. Son of Eduard, Johann (1866-1939) 
was also a renowned conductor, ►musical talent 



Figure SI30. Johann Strauss Jr. 


Strawberiy (Fragaria ananassa ): About 46 Fragaria 
species with x = 7; the wild European F vesca is 
diploid (2n = 14), A moschata (2n = 42), some east 
Asian species are tetraploid, the American strawber¬ 
ries as well as the garden strawberries are 2n = 56. 
(See http://bioinformatics.pbcbasc.latrobe.edu.au/in 
dex.htm). 

Streak (primitive streak): A sign on the early embryonal 
disc indicating the movement of cells and the 
beginning of the formation of the mesoderm and an 
embryonal axis, ►organizer 

Streaking: Spreading microbial cells on the surface on a 
nutrient agar medium to observe growth or lack of it. 
(See Fig. S131). 




Double-stranded DNA 

7 



Heteroduplex at strand assimilation 


Figure S129. DNA strand assimilation 
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Figure SI 31. Streaking of wild type (left top) and 
mutant strains of yeast 

Streptavidin: Conjugated with rhodamine, it specifically 
binds to biotin (biotinylated nucleic acids, immuno¬ 
globulins) and permits their detection by fluorescence. 
The binding constant for biotin is k a = 10 15 M _1 . 

► avidin 

Streptavidin-Peroxidase: Identifies biotinylated antibo¬ 
dies in ELISA, in immunochemistry in general and in 
protein blots, ►genomic subtraction, ►ELISA, 
►biotinylation 

Streptococcus pneumoniae A (Diplococcus pneumo¬ 
niae ): The common pathogenic bacterium causing 
pharyngitis (sore throat) (see Fig. SI 32). About 
5-10% of the infections may involve necrotic lesion 
of various severities. In rare extreme cases, it may 
cause death. Some strains secrete substantial amount 
of a pyrogenic (fever-producing) exotoxin A, which 
stimulates the immune system as a superantigen. The 
excessive stimulation results in the overproduction of 
cytokines that may damage the lining of the blood 
vessels and thus cause fluid leakage, reduced blood 
flow and necrosis of the tissues because of the lack 
of oxygen. As a further consequence, fasciitis 
(inflammation of the fibrous tissues) and myositis 



Figure SI32. Streptococcus exudates on tonsils appear 
as white spots in severe sore throat. (Modified after 
Nimishikavi S & Stead L 2005 New England J. Med. 352: 
pelO) 


(inflammation of the voluntary muscles) may follow. 
Immunity to S. pneumoniae may be independent of the 
capsular antigens and protection requires the presence 
of CD4 + T cells at the time of infection (Malley R et al 
2005 Proc Natl Acad Sci USA 102:4848). 

The destruction of the tissues may result in death 
within a very short period after infection by the 
extremely virulent strain of “flesh-eating bacteria.” 
Streptococcus (B) agalactiae is a serious threat to 
diabetic, cancerous or elderly people; it may be 
responsible for neonatal sepsis occurring during 
vaginal delivery. Streptococcus pneumoniae ( Pneu¬ 
mococcus ) provided the first information on genetic 
transformation in 1928. Its sequenced genome 
(in 2001) of 2,160,837 bp contains 2236 ORFs 
(see Fig. SI 33). Approximately 5% of its genome is 
insertion sequences. The completely sequenced 
genome of S. pyogenes Ml has 1,852,442 bp and 
encodes ~1752 proteins. Streptococcus mutans 
UA159, the major cause of tooth decay contains 
2,030,936 bp and 1963 ORF; its genome has several 
insertion elements and transposons. Group B Strep¬ 
tococcus pathogens display multiple serotypes and 
they are life threatening to newborns in the first 
week after birth. The infection comes generally from 
the healthy mothers who (in 25-40%) harbor the 
bacteria in anogenital area. This bacterium as many 
other pathogens are resistant to several antibiotics. 
Vaccine production has problems because of the 
serotype variation. However, four proteins provide 
rather general type of protective antibodies against 
the various types of Streptococcus B bacteria. 
The protective antibody (immunoglobulin G, IgG) is 
transmitted to the baby though the placenta (Maione D 
etal2005 Science 309:148). ►transformationgenetic, 
►necrosis, ►superantigen, ►toxic shock syndrome, 
► streptolysin, ►fratricide, ►host-resistance genes; 
Tettelin H et al 2001 Science 293:498; Ferretti JJ et al 
2001 Proc Natl Acad Sci USA 98:465 8; Hoskins J et al 
2001 J Bacteriol 183:5709; Tettelin H et al 2002 Proc 
Natl Acad Sci USA 99:12391; Ajdic D et al 2002 Proc 
Natl Acad Sci USA 99:14434. 



Figure SI33. Streptococcus colonies; Single cell at high 
magnification 
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Streptokinase: An activator of plasminogen, ►plas¬ 
minogen activator, ►plasmin 

Streptolygidin: An antibiotic that blocks the action of 
prokaryotic RNA polymerase. 

Streptolysin: A cholesterol-binding bacterial exotoxin, 
which forms large holes through the mammalian 
plasma membrane. At low concentration, it is suitable 
for introducing proteins through living cell mem¬ 
branes without irreversible damage to the cell. 
Streptolysin O prevented Streptococcus internaliza¬ 
tion into lysosomes, killing the extracellular pathogen 
(Hakansson A et al 2005 Proc Natl Acad Sci USA 
102:5192). ►cytolysin; Walev I et al 2001 Proc Natl 
Acad Sci USA 98:3185. 

Streptomyces: A group of Gram-negative bacteria of 
the actinomycete group, characterized by mycelia- 
like septate colonies. On these mycelial colonies 
spore-bearing organs develop. These bacteria 
somewhat simulate a multicellular type of develop¬ 
ment. Their genetic material, unlike the majority of 
prokaryotes, is a linear DNA. The sequenced genome 
of S. coelicolor A3(2) is 8,667,507 bp, containing an 
estimated 7825 genes (Bentley SD et al 2002 Nature 
[Lond] 417:141). S. avermitilis has linear chromo¬ 
some built of 9,025,608 bp encoding at least 7574 
open reading frames (Ikedo H et al 2003 Nature 
Biotechnol 21:526; chromosome: Hopwood D 2006 
Annu Rev Genet 40:1). 

Streptomycin: An antibiotic compound, precipitates 
nucleic acids, inhibits protein synthesis and interferes 
with proofreading, and thus causes translational 
errors (see Fig. SI 34). Mutation in its S12 ribosomal 
protein binding sites leads improved translational 
precision. Some mutations may lead to streptomycin- 
dependence. Streptomycin resistant mutations in the 
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Figure SI34. Streptomycin 


ctDNA are maternally inherited; such mitochondrial 
DNA mutations may lead to hearing loss in humans. 

► antibiotics, ►mitochondrial diseases in humans, 
►mtDNA 

Streptozotocin (a nitrosamide, 2-deoxy-2-[3-methyl-3 - 
nitrosoureide]-D-glucopyranose): A methylating, car¬ 
cinogenic, antibiotic agent (effective even against 
fungi). Induces diabetes and poisons B lymphocytes. 

Stress: A condition when living beings must cope with 
difficult mental or physiological conditions. A major 
gene duplication for panic and phobic disorders 
appeared to be at human chromosome 15q24-q26 but 
another study failed to confirm this finding (Tabiner 
M et al 2003 Am J Hum Genet 72:535). Stress or 
anxiety activates the corticotropin releasing factor 
(CRF/CRH) synthesis in the hypothalmus. CRF then 
stimulates the CRF receptors (CRHR) in the pituitary 
and this turns on the adrenocorticotropin hormone 
(ACTH) in the kidneys leading to the production of 
glucocorticoids, which hinder by feedback to the 
brain the stress reaction. In case of a failure to respond 
successfully with some type of a homeostatic 
mechanism, death or substantial harm may result. 
Phosphoinositide 3-kinase (PIK) related kinases 
mediate a variety of cellular stress responses 
(Bakkenist CJ, Kastan MB 2004 Cell 118:9). Stress 
activates sphingomyelinase to generate ceramide and 
the latter initiates apoptosis. Disruption of the 
glucocorticoid receptor gene may lead to reduced 
anxiety. Stress also activates heatshock proteins and 
glucose-regulated proteins (GRP). The GRP proteins 
are highly active during tumor progression. Their 
suppression may lead to apoptosis and rejection of the 
tumor cells. The stress signals may mediate the 
activation of genetic repair systems or, in animals, 
may proceed through three main pathways, the c-Abl 
or the JNK or the p53 routes. The first two are specific 
to different types of genotoxic agents, the p53 protein 
responds rather generally to various chemical stres¬ 
ses. The signal transducers eventually reach the DNA 
by the activation of transcription factors. Ionizing or 
excitatory (UV) radiations may directly cause 
chromosome breakage resulting in either repair or 
apoptosis. In plants, stress stimulates the formation of 
elicitors and pathogenesis-related proteins. Arabi- 
dopsis plants exposed to ultraviolet radiation (UV-C), 
to stress caused by infection by pathogens, or to 
flagellin, displayed increased level of homologous 
somatic recombination; the genomic instability 
persisted in following generations and the condition 
was transmitted as a dominant trait by both female 
and male gametes to progeny (Molinier J et al 2006 
Nature [Lond] 442:1046). ►homeostasis, ►p38, 

► GADDI53, ►CAP, ►ceramides, ►sphingolipids, 

► sphingolipidoses, ►SAP, ►SAPK, ►apoptosis, 










1890 Stress Granules 


►JNK, ►cAbl, *p53, ►pathogenesis-related pro¬ 
teins, ►heat-shock proteins, ►adrenocorticotropic 
hormone, ►humanbrain, ►glucocorticoid, ►drought 
resistance, ►salttolerance, ►host-pathogenrelations, 

► flagellin, ►ultraviolet light, ►instability genetic, 
►Pik; Smith MA et al 1995 Proc Natl Acad Sci USA 
92:8788; Gratacos M et al 2001 Cell 106:L367; 
Dolan RJ 2002 Science 298:1191. 

Stress Granules: May accumulate in mammalian and 
other cells under physical or chemical stress and 
regulate metabolism (Andreson P, Kedersha N 2006 J 
Cell Biol 172:803). 

Stress Proteins: Most commonly mean heat shock 
proteins, ►heat-shock protein 

Stretching Chromosomes: For more precise localization 
of FISH labels the chromosome can be extended 5-20 
times their highly coiled length using hypotonically 
treated, unfixed metaphase chromosomes and centri¬ 
fugation. ►FISH; Bennink ML et al 2001 Nature 
Struct Biol 8:606. 

Striated Muscles: The heart and skeletal muscles are 
made of sarcomeres and thus striated transversely. 

► smooth muscles 

Striatum: A layered tissue region, e.g., in the subcorti¬ 
cal area of the brain where cognitive and movement 
regulation functions are mediated, ►brain human 

STRING (search tool for the retrieval of interacting 
genes/proteins): ►genetic network; http://string. 
embl.de/. 

String Edit Distance: Determined upon addition, 
deletion or replacement one base symbol in order to 
transform a DNA sequence (a string) into another, 
►tree edit distance 

Stringent: Rigidly controlled. 

Stringent Control: In amino-acid-starved bacteria 
(auxotrophs), the product of the relA + gene shuts off 
ribosomal RNA synthesis as an economical device. 
In the presence of relA amino acid synthesis is 
promoted (relaxed control) because ppGpp regulates 
the discriminator regions of the promoters, ►fusidic 
acid, ►relaxed control, ►discriminator region, ►ri¬ 
bosomes; Chatterji D et al 1998 Genes Cells 3:279; 
Chatterji D, Ojha AK 2001 Curr Opin Microbiol 
4:160; Barker MM et al 2001 J Mol Biol 305:673. 

Stringent Genomes: These are the nuclear ones because 
each chromosome is normally replicated once during 
the cell cycle and normally during mitosis, each 
member of a diploid (or other euploid) chromosome 
set is partitioned equally between the daughter cells, 
►relaxed genomes 


Stringent Plasmid: The low copy number of it is 
genetically controlled. 

Stringent Replication: Limited replication of the low 
copy number plasmid DNA. 

Stringent Response: Under poor growth condition 
prokaryotic cells may shut down protein synthesis 
by limiting tRNA and ribosome formation. The 
synthesis of the rrn genes is mediated by binding 
ppGpp or pppGpp sequences to the rrn promoters. 
Proteins DksA or GreA and Mdf are also regulators 
(Trautinger BW et al 2005 Mol Cell 19:247). 
► stringent control, ►magic spot, ►rm, ►ribosomes, 
►transfer RNA, ►guanosine tetraphosphate, ►Rel 
oncogene; Chatterji D Ojha AK 2001 Curr Opin 
Microbiol 4(2): 160; van Delden C et al 2001 J 
Bacteriol 183:5376. 

STRL: Co-receptor of HIV and SIV. ►acquired immu¬ 
nodeficiency syndrome 

stRNA: ►RNAi, ►microRNA 

Strobe: see http://www.strobe-statement.org/; ►Hu- 
GENet, ►risk 

Stroke: Causes 150,000 death/year and afflicts three 
times as many in the USA. Stroke results from 
occlusion of a cerebral artery. A mouse model 
indicates that newborn neurons can migrate to the 
ischemic regions and may affect recovery in some 
cases (Jin K et al 2006 Proc Natl Acad Sci USA 
103:13198). The major genetic factors involved 
are telangiectasia, the Osier-Weber-Rendu syndrome, 
CADASIL, Ehlers-Danlos syndrome, polycystic kid¬ 
ney disease, Marfan syndrome, cardiovascular dis¬ 
eases, hypertension, MELAS syndrome. Gretarsdottir, 
S. et al (2002 Am J Hum Genet 70:593) reported a 
susceptibility locus at 5ql2 encoding phosphodiester¬ 
ase 4D acting probably though atherosclerosis in 
ischemic stroke (Gretarsdottir S et al 2003 Nature 
Genet 35:135). The genetic association of stroke with 
the PDE4 marker or SNP45 could not be generally 
replicated not due to entirely clear bases, but because 
of the complexity of the major types of stroke 
(ischemic [blockage of vessels by blood clots], 
hemorrhagic [rupture of blood vessels] or other 
subtypes [cardiogenic or large vessels]) may account 
for the discrepancies (Rosand J et al 2006 Nature 
Genet 38:1091; Gulcher JR et al 2006 Nature Genet 
38:1092). Protein kinase PRKCH appears to be liable 
for the pathogenesis of cerebral infarction in Japanese 
populations (Kubo M et al 2007 Nature Genet 39:212). 
(See terms mentioned under separate entries). 

Stroma: The aqueous solutes within an organelle. A 
pseudoparenchymatous association of fungal mycelia 
is also so named. The supportive tissue of an organ; 
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stroma cells in the bone marrow may produce 
collagen and extracellular matrix, ►parenchyma 

Stroma Cell-Derived Factor-la: A chemoattractant for 
hematopoietic stem cells and has role in cell migration 
within or to the bone marrow. It may affect cell 
proliferation and cell migration in cancer metastasis. 

Stromelysin: ►metalloproteinases, ►transin 

Strong-Stop DNA: When reverse transcriptase initi¬ 
ates transcription of the first strand DNA—from the 
RNA—then a second strand is made on the first 
strand DNA template. The transcriptase pauses after 
the transcription of the R U5 segments (first strand). 
The U5 R, U3 (second strand) “strong stop” DNA 
species accumulate (in the latter case including small 
portions of the RNA primer) before transcription 
continues to completion of the first, and then of the 
second strand, respectively, ►retroviruses, ►reverse 
transcriptase; Driscoll MD et al 2001 J Virol 75:672. 

Strontium: An earth metal with several isotopic forms, 
the 90 Sr, a P-emitter radioactive component of nuclear 
fallout is readily substituted for calcium and, thus, 
may be concentrated in the milk if the cows grazed on 
contaminated pastures. Its half-life is 28 years. After 
the bomb testings in the 1950s, it became especially 
threatening to children whose bones accumulated 
2.6 ppCi in contrast to adults (0.4 ppCi). ►radiation 
hazards, ►Ci, ►isotopes 

STRP: Short tandem repeat polymorphism, ►microsat- 
ellite 

Structural Classification of Proteins: ►SCOP, ►AS¬ 
TRAL 

Structural Gene: A primarily non-regulatory DNA 
sequence that codes for the amino acid sequence in 
a protein or for rRNA and tRNA. 

Structural Genomics: Develops high-resolution models 
of protein structure in order to understand catalytic 
and other functional mechanisms, ligands, domains, 
reveal critical targets for site-directed mutagenesis, 
and develop means for therapeutic interventions. The 
main tools are x-ray crystallography and nuclear 
magnetic resonance analysis. (See Baker D, Sali A 
2001 Science 294:93; http://www.nysgrc.org/). 

Structural Heterozygosity: Involves normal and rear¬ 
ranged homologous chromosomes within cells. 
► inversion, ►translocation, ►aberration chromo¬ 
somal 

Structural Variants of Chromosomes: involve deletions, 
duplications, inversions, transpositions, transloca¬ 
tion, complex rearrangements and copy number 
variations. The Database of Structural Variants of 
the human genome in 2007 includes a total of 29,289 


entries. Among those 11,784 were copy number 
variants of 4357 loci, 182 inversions, and 17,323 
indels (http://projects.tcag.ca/variation/). These var¬ 
iants are more numerous than initially expected and 
seriously affect the function of many loci. Paired-end 
mapping (PEM) is an effective means for their 
identification. PEM involves the preparation and 
isolation of paired ends of 3 kb fragments and their 
massive sequencing with 454 technologies and 
computationally. In two individuals 1300 structural 
variants (SVs) were identified suggesting that hu¬ 
mans may differ to a greater extent in SVs than in 
single nucleotide polymorphism (Korbel JO et al 
2007 Science 318:420). ►paired-end sequence 
method; 454 sequencing: http://www.454.com/pro 
ducts-and-reagents/genome-sequencer.asp. 

Structure-Directed Combinatorial Mutagenesis: PCR- 

based mutagenesis. 

Strumpell Disease: ►spastic paraplegia 

STS: ►sequenced tagged sites 

STS-Content Mapping: In physical mapping, the large 
sequences used (YAC clones) contain STS tracts and 
thus their position can be mapped, ►sequenced 
tagged sites, ►YAC; Chen YZ et al 2001 Genomics 
74:55. 

Stuart Factor Deficiency: ►prothrombine deficiency, 
► antihemophilic factors 

Student’s t Distribution: A statistical test for assessing a 
hypothesis about the means of two populations. This 
distribution enables the statisticians to compute 
confidence limits for p (the true mean of a population) 
when a (the standard deviation of the true mean) is 
not known, and only the standard deviation of the 
sample s is available. 

The quantity of t is determined by the equation: 

_X-p 

s/v/n 

where X is the experimental mean and n is the 
population size. The critical t values are generally 
read from statistical tables after it had been quantified 
by the calculated t value, 


d 



where d s the difference between means and V = 
variance. Under practical conditions the significance 
of the difference between two means is calculated by 

the formula t = (x x — X 2 )/ \J [s^A^] 2 where the x 
values stand for the two means and s 2 values are the 
variances of the two populations, ►arithmetic mean, 
► standard deviation, ►variance, ►paired t test, see 
Table S5. 
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Table S5. The calculated value at the determined degrees of freedom (df) must be identical or greater than the 
closest value found on the pertinent df line in order to qualify for the probability shown at the top of the columns. E.g., 
for df= 10, and t= 3.169 P = 0.01 but if the t would be only 3.168 P would be only 0.05 according to table and statistical 
conventions. The use of t charts or linear interpolation using the logarithms of the two-tailed probability values 
(Simaika 1942 Biometrika 32:263) can obtain more precise P values. Remember that the t test indicates the 
probability of the null hypothesis that the two means would be identical 


df 

P -> 0.900 

0.500 

0.400 

0.300 

0.200 

0.100 

0.050 

0.010 

0.001 1 

1 

0158 

1.000 

1.376 

1.963 

3.078 

6.314 

12.706 

63.654 

636.620 

2 

0.142 

0.816 

1.061 

1.386 

1.886 

2.920 

4.303 

9.925 

31.599 

3 

0.137 

0.765 

0.978 

1.250 

1.638 

2.353 

3.182 

5.841 

12.924 

4 

0.134 

0.741 

0.941 

1.190 

1.533 

2.132 

2.776 

4.604 

8.610 

5 

0.132 

0.727 

0.920 

1.156 

1.476 

2.015 

2.571 

4.032 

6.869 

6 

0.131 

0.718 

0.906 

1.134 

1.440 

1.943 

2.447 

3.707 

5.959 

7 

0.130 

0.711 

0.896 

1.119 

1.415 

1.895 

2.365 

3.500 

5.408 

8 

0.130 

0.706 

0.889 

1.108 

1.397 

1.860 

2.306 

3.355 

5.041 

9 

0.129 

0.703 

0.883 

1.100 

1.383 

1.833 

2.262 

3.250 

4.781 

10 

0.129 

0.700 

0.879 

1.093 

1.372 

1.812 

2.228 

—> 3.169 

4.587 

11 

0.129 

0.697 

0.876 

1.088 

1.363 

1.796 

2.201 

3.106 

4.437 

12 

0.128 

0.696 

0.873 

1.083 

1.356 

1.782 

2.179 

3.054 

4.318 

13 

0.128 

0.694 

0.870 

1.080 

1.350 

1.771 

2.160 

3.012 

4.221 

14 

0.128 

0.690 

0.868 

1.076 

1.345 

1.761 

2.145 

2.977 

4.140 

15 

0.128 

0.691 

0.866 

1.074 

1.341 

1.753 

2.131 

2.947 

4.073 

16 

0.128 

0.690 

0.865 

1.071 

1.337 

1.746 

2.120 

2.921 

4.015 

17 

0.128 

0.689 

0.863 

1.069 

1.333 

1.740 

2.110 

2.898 

3.965 

18 

0.127 

0.688 

0.862 

1.067 

1.330 

1.734 

2.101 

2.878 

3.922 

19 

0.127 

0.688 

0.861 

1.066 

1.328 

1.729 

2.093 

2.861 

3.883 

20 

0.127 

0.687 

0.860 

1.064 

1.325 

1.725 

2.086 

2.845 

3.850 

21 

0.127 

0.688 

0.859 

1.063 

1.323 

1.721 

2.080 

2.831 

3.819 

22 

0.127 

0.686 

0.858 

1.061 

1.321 

1.717 

2.074 

2.819 

3.792 

23 

0.127 

0.685 

0.858 

1.060 

1.320 

1.714 

2.069 

2.807 

3.768 

24 

0.127 

0.685 

0.857 

1.059 

1.318 

1.711 

2.064 

2.797 

3.745 

25 

0.127 

0.684 

0.856 

1.058 

1.316 

1.708 

2.060 

2.787 

3.725 

26 

0.127 

0.684 

0.856 

1.058 

1.315 

1.706 

2.056 

2.779 

3.707 

27 

0.127 

0.684 

0.855 

1.057 

1.314 

1.703 

2.052 

2.771 

3.690 

28 

0.127 

0.683 

0.855 

1.056 

1.312 

1.701 

2.048 

2.763 

3.674 

29 

0.127 

0.683 

0.854 

1.055 

1.311 

1.699 

2.045 

2.756 

3.659 

30 

0.127 

0.683 

0.854 

1.055 

1.310 

1.697 

2.042 

2.750 

3.646 

40 

0.126 

0.681 

0.851 

1.050 

1.303 

1.684 

2.021 

2.704 

3.551 

60 

0.126 

0.679 

0.848 

1.046 

1.296 

1.671 

2.000 

2.660 

3.460 

120 

0.126 

0.678 

0.845 

1.041 

1.289 

1.658 

1.980 

2.617 

3.373 

OO 

0.126 

0.674 

0.842 

1.036 

1.282 

1.645 

1.960 

2.576 

3.290 
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Study Bias: A difference in being studied because of a 
certain property of the entity attracted more interest 
for research workers. 

Stuffer DNA: Part of the phage X genome is not entirely 
essential for normal functions of the phage. Se¬ 
quences between gene J and att representing about 
one-fourth of the genome can be removed and 
replaced (stuffed in) by genetic engineering without 
destroying viability of the phage, ►lambda phage, 
►vectors; Parks RJ et al 2001 J Virol 73:8027. 

Sturge-Weber Syndrome (phakomas): Ektodermal 
hamartomas, angiomas of the meninges, ►hamarto¬ 
ma, ► angioma, ►meninges, ►von Hippel-Lindau 
disease, ►tuberous sclerosis 

sturt: The unit of fate mapping; named after Alfred 
Sturtevant who first used fate mapping, ►fate maps 

Stutter Bands: DNA slippage may occur during PCR 
replication, (especially of long dinucleotide repeats) 
and may create shorter sequences than expected, 
making the identification of the heterozygotes for 
microsatellite sequences difficult, ►microsatellite, 
►PCR; Miller MJ, Yuan BZ 1997 Anal Biochem 
251:50; Walsh PS et al 1996 Nucleic Acids Res 
24:2807. 

Stuttering: A transcription termination phenomenon; 
poly U may easily break U-A associations, ►stam¬ 
mering 

Stylopodium: The bones of the humerus and femur. 

Stylus (style): The slender structure leading from the 
stigma to the ovary of plants through which the pollen 
tube grows to the embryosac. ►gametophyte female, 
► gametophyte male 

sul = supD, su2 = supE , su3 = supF, su4 = supC, su5 = 
supG and su7 = supU: P>su~ 

su ~: The wild type allele of a suppressor mutation; the 
suppressor allele is su + . 

su + : The suppressor allele at a locus in contrast to the 
wild type that is designated su~. 

Su Blood Type: Occurs in pigs and resembles the Rh 
blood type in humans. ►Rh blood type, ►erythro¬ 
blastosis fetalis 

Subcellular: An organelle or other structure or site 
within a cell. (See subcellular localization of mouse 
proteins: http://locate.imb.uq.edu.au/; proteins of 
several organisms: http://bioinformatics.albany.edu/ 
^ptarget; http://gpcr.biocomp.unibo.it/esldb/; Arabi- 
dopsis subcellular proteins: http://www.suba.bcs. 
uwa.edu.au). 


Subcellular Localization: The expression levels of many 
genes are correlated with their subcellular site(s). 
Gene expression level is generally high in the 
cytoplasm, low in the nuclear membrane, and 
intermediate level in the secretory pathways (endo¬ 
plasmic reticulum and Golgi). In each group 
fluctuations occur. It has been estimated that in yeast, 
47% of the proteins are located in the cytoplasm, 13% 
in the mitochondria, 27% in the nucleus and 
nucleolus, and 13% in the endoplasmic reticulum 
and secretory vesicles (Kumar A et al 2002 Genes 
Dev 16:707). ►mitochondria, ►mitochondrial dis¬ 
eases in humans, ►chloroplast genetics, ►FL-REX, 
►gene ontology, ►organelle, ►tissue-specificity; 
Drawid A et al 2000 Trends Genet 16:426; Feng 
Z-P, Zhang C-T 2002 Int J Biochem Cell Biol 34:298; 
protein targeting signals: Schneider G, Fechner U 
2004 Proteomics 4:1571; Gene Ontology Mole¬ 
cular Function and Subcellular Focalization: http:// 
www.cs.ualberta.ca/^bioinfo/PA/GOSUB/; subcel¬ 
lular localization of mammalian proteins: http:// 
locate.imb.uq.edu.au/. 

Subcloning: Recloning a piece of DNA. ►cloning 
molecular, ►cloning vectors 

Subculturing: Transferring of a culture into a fresh 
medium. 

Subcutaneous: Beneath/under the skin. 

Suberin: A corky, complex polymeric material (of fatty 
acids but no glycerol associated with it) on the surface 
and within plant cells. In many plants, there is a 
subepidermal layer of suberin in air-filled cells and in 
various scar tissues. Suberin is frequently associated 
with cellulose, tannic acid, dark pigments (phloba- 
phenes) and inorganics. The commercial cork 
produced by the oak, Quercus suber , is suberin. 
►host-pathogen relation 

Subfunctionalization: Gene duplication involving 
somewhat different function of the duplicated copy, 
e.g., expression at a different location of the body. In 
Arabidopsis and Antirrinum , the AGAMOUS and the 
PLENA genes, respectively, descended in a non- 
orthologous manner from the SHATTERPROOF and 
FARINELLI genes, respectively (Causier B et al 2005 
Curr Biol 15:1508). Subfunctionalization model 
assumes that the paralogous genes are selectively 
neutral and thus permitted to mutate and explore new 
adaptive functionalities without extinction. Eventu¬ 
ally, one of the copies may be converted to the status 
of pseudogenes or is entirely lost. The duplicated 
genes may have lost one of the function, therefore, 
both copies became necessary and favored by 
evolution or they might be preserved by drift. 
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► duplication, ►paralogous, ►pseudogene, ►neo¬ 
functionalization; Force A et al 1999 Genetics 
151:1531; Tochini-Valentini GD et al 2005 Proc Natl 
Acad Sci USA 102:8933. 

Sublethal: Only about 50% of the affected my live until 
sexual maturity. 

Sublimon: Sub-stoichiometric molecules of mtDNA 
that are supposed to be the products of recombination 
within short repeated sequences in this organelle. 
►mtDNA; Kajander OA et al 2000 Hum Mol Genet 
9:2821. 

Subline: New colony of rodents set up in a new 
laboratory, ►substrain, ►inbred 

Submetacentric: Chromosome with two arms clearly 
unequal in length (see Fig. SI 35). ►chromosome 
morphology 



Figure SI 35. Submetacentric 

Submission: ►data submission standards 

Submission Signal: In the majority of vertebrates, 
aggressive behavior generally ends when the weaker 
partner in the conflict displays the submission signal, 
e.g., dogs lie on their back. The human race does not 
employ such definite signals and thus, the conflicts 
frequently end in violence, ►aggression, ►behavior 
genetics, ►human behavior, ►ethology 

Subspecies: A group of organisms within a species 
distinguishable by gene frequencies, chromosomal 
morphology and/or rearrangement(s), and may show 
some signs of reproductive isolation from the rest of 
the species, ►species 

Substance Abuse: The proclivity is genetically con¬ 
trolled. Morphine preference has at least three known 
QTLs; alcoholism has also several QTLs. Some of 
these conditions may be associated with variations in 
the serotonin transporter. A genetic factor for the latter 
is linked to the human ALPC2 locus, controlling 
vulnerability to alcohol. The conditions leading to 
depression may generally affect substance abuse, some 
of the quantitative trait loci mentioned, however, do 
not appear to act globally, ►alcoholism, ►serotonin, 
► QTL, ►steroid doping; Uhl GR et al 2001 Am J 
Hum Genet 69:1290. 

Substantia Nigra: A site in the middle part of the brain 
(mesencephalon) with dark pigment deposits. The 
pigments are the products of the dopaminergic 


neurons that control movement and coordination; 
dopamines are essential neurotransmitters. In Parkin¬ 
son disease, the cells degenerate and cannot make 
sufficient amounts of the dopamine pigment. Somatic 
mutations (deletions) in the mitochondrial DNA are 
associated with respiratory deficiency and selective 
loss of neurons that are observed in aging and 
Parkinson disease (Bender A et al 2006 Nature Genet 
38:515; Kraytsberg Y et al 2006 Nature Genet 
38:518). ►Parkinson disease, ►neurotransmitter, 
► aging, see Fig. SI36. 


Brain lobes 



Spinal cord 


Figure SI 36. Substantia nigra location in the brain 


Substitution, Disomic: Two homologous chromosomes 
replaced by two others, ►alien substitution, ►inter¬ 
varietal substitution 

Substitution Line: One of its chromosomes (or pair) is 
derived from a donor variety or species, ►alien 
substitution, ►intervarietal substitution 

Substitution, Monosomic: One entire chromosome is 
substituted for another, ►substitution line 

Substitution Mutation: When a base pair is replaced by 
another. The evolutionary mutation rate in the human 
X chromosome is lower than in the Y chromosome 
and the ratio is about 1.7 at the 95% confidence level 
according to one study based on molecular analysis 
(see Fig. SI 37). ►transition and transversion, ►base 
substitution, ►point mutation, ►Li-Fraumeni syn¬ 
drome, ► SNIP, ►base sequences 

Substoichiometric Shift: The mtDNA of some species 
undergoes rounds of unequal recombinations and, 
thus, generates mutations in this organelle and 
possibly also in the plastids. The organelle mutations 
are then maternally inherited, ►mutator genes, 
►mitochondrial genetics 
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Figure SI 37. Base substitution mutations in the p53 gene in the noncancerous fibroblast cells in a family with the 
Li-Fraumeni syndrome. (1) Proband, (2) his brother, (3) their father and (4) a normal control. In codon 245 GGC^GAC 
mutations are evident in the two generations investigated. (Courtesy of Professor Esther H. Chang; see also Nature [Lond] 
348: 747) 


Substrate: The compound an enzyme can act on, or the 
culture medium for an organism, or a particular 
surface, ►pseudosubstrate 

Substrate Adhesion Molecules (SAM): Bind as extra¬ 
cellular molecules to independent receptors on 
adhering cells. 

Substrate Cycle: ►futile cycle 

Substrate Induction: Enzyme synthesis is stimulated by 
the presence of the substrate of the enzyme, ►/ac 
operon, ►substrate 

Substrate Ordering: The order of degradation—by 
multiubiquitination—of the cell cycle regulators by 
the anaphase-promoting complex (APC). (See Rape M 
et al 2006 Cell 124:89; ►cell cycle, ►APC, 
►ubiquitin). 

Subtelomeric Duplications: ►telomeres 

Subtiligase: An enzyme capable of ligating esterified 
peptides in aqueous solutions. 

Subtilisin: A protease enzyme that cuts at serine in 
the context Gly-Thr-Ser-Met-Ala-Ser; chymotrypsin 
also cuts at serine but within a different sequence. 
Subtilisin is translated as a pre-pro-polypeptide con¬ 
taining the IMC (intramolecular chaperon) sequence 
between the signal peptide and the mature enzyme. 
IMC is responsible for the folding of the final enzyme 
without being present in the functional subtilisin, which 
is a general scavenger molecule, ►chymotrypsin, 
► scavenger molecules, ►signal peptide 

Subtraction Genomic: ►genomic subtraction 

Subtractive Cloning (driver excess hybridization): 
Provides information of genes selectively expressed 
in different tissues. A single-stranded RNA (or DNA, 


the so-called tracer) is hybridized to another nucleic 
acid (the driver), which is present in the reaction 
mixture at least 10-fold in excess. Usually, from the 
tester RNA a cDNA is generated by the use of poly 
(dT) primers. Then from the single strand cDNA, 
double-strand DNA is generated with the aid of poly 
(dT) primer. The tester cDNA is mixed with an excess 
of driver cDNA and the cDNAs are allowed to 
reanneal after denaturation. The double-strand DNA 
is removed by adsorption to a hydroxyapatite column. 
The hybrids and the unhybridized driver are selec¬ 
tively removed (subtraction) and the remaining 
single-stranded, unhybridized tracer is further en¬ 
riched by hydroxyapatite, biotinylation and selection 
by streptavidin, chemical cross-linking, RNase H and 
PCR. The process may be repeated until pure tracer- 
specific nucleic acid becomes available. This can then 
be used to screen a library for tracer-specificity. 
The procedure bears much similarity to c 0 t or r 0 t 
analysis. Hyperchromicity or digestibility by SI 
nuclease can monitor the single-stranded molecules. 
The technique may provide information on the 
number or kind of genes expressed in specific tissues, 
►hydroxyapatite, ►streptavidin, ►genomic subtrac¬ 
tion, ►RFLP subtraction, ►positive selection, ►c 0 t, 
►r 0 t analysis, ►SI nuclease, ►hyperchromicity, 
►tissue-specificity, ►nucleic acid hybridization, 
► cascade hybridization, ►subtractive hybridization, 
►normalization; Sagerstrom CG et al 1997 Annu Rev 
Biochem 66:751. 

Subtractive Hybridization: ►subtractive cloning 

Subtractive Suppression Hybridization (SSH): First 
subtracted cDNA libraries are generated. Then 
selective and/or suppressive cycles of PCR is 
combined with normalization and subtraction in 
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a single procedure. The normalization equalizes the 
abundance of cDNAs within the samples and 
the subtraction excludes the sequences common to 
the target and driver populations. The procedure is 
well suited for identification of disease, developmen¬ 
tal or other differentially expressed genes. ►PCR, 

► subtractive cloning; Diatchenko L et al 1999 
Methods Enzymol 303:349; den Hollander AI et al 
1999 Genomics 58:240; Nishizuka S et al 2001 
Cancer Res 61:4536; selective transcriptome extrac¬ 
tion: Li L et al 2005 Nucleic Acids Res 33:(16):el36. 

Substrain: A line separated from another after 8-19 
cycle of inbreeding or when a single colony is 
different from the rest of the strain of rodents. 

► subline, ►inbred 

Subunit Vaccine: Contains only a fragment of the 
antigenic protein, sufficient to stimulate an immune 
response, ►vaccines, ►antigen 

Subunits of Enzymes (protomers): The polypeptides that 
make up the oligomeric proteins. 

Subvital: Has reduced viability, yet has 50% chance to 
survive up to the reproductive period of the species. 

► sublethal 

SUC2: Yeast invertase gene; it mediates glucose effect 
and may be suppressed by ssn (suppressor of snf). 
► SSN6 , ►57VF, ►glucose effect 

Succinate Dehydrogenase: A non-heme iron, inner 
mitochondrial dehydrogenase enzyme (subunits en¬ 
coded at human chromosomes llq23 and lq21). 
It converts succinate to fumarate while flavin adenine 
dinucleotide serves as a H 2 acceptor, ►phaeochro- 
mocytoma, ►mitochondrial diseases in humans 

Sucrose Gradient Centrifugation: ►density gradient 
centrifugation 

Sucrose Intolerance: ►disaccharide intolerance 

Sucrose Transporters: Deliver the photosynthetically 
produced sucrose within the plant body, ►photosyn¬ 
thesis; Truemit E 2001 Curr Biol 11:R169. 

Sudan Black: In microscopic use, it stains fatty tissues, 
wax, resins, cutins, etc., red. 

Sudden Infant Death Syndrome (SID): Unexpected 
death of healthy, normal infants within the first year 
of life during sleep. It appears to be associated with a 
deficiency in the binding of the muscarinic choliner¬ 
gic receptors of the brain resulting in accumulation of 
carbon dioxide or lack of oxygen in the blood, 
►muscarinic acetylcholine receptors 

Sufficiency, Statistical: Indicates that all necessary 
information about a parameter has been obtained. 


SUG1: An ATPase and activator of transcription; it 
can substitute in yeast for Tripl and can interact 
with the transcriptional activation domain of GAL4 
and herpes virus protein VP 16. ►ATPase, ►tran¬ 
scriptional activator, ►Tripl, ►GAL4, ►signal 
transduction 

Sugar Beet (Beta vulgaris ): 2n = 18 (see Fig. S138). 
One of the greatest success stories of plant breeding. 
In the middle of the eighteenth century, the average 
sugar content of the plant was about 2%. This 
increased by the twentieth century to about 20%, and 
the sugar yield per hectare increased to about 4 metric 
tons. Some of the modem varieties have numerous 
agronomically important features (disease resistance, 
monogermy), and this is a rare plant where triploid 
varieties (besides bananas) are grown commercially, 
►banana, ►monogerm seed 



Figure SI 38. Sugar beet 

Sugar Code: Hypothesized to involve proteoglycan 
modifications on the basis that heparan sulfate and 
chondroitin sulfate proteoglycans would control axon 
guidance, ►heparan sulfate, ►chondroitin sulfate, 

► axon guidance; Holt CE, Dickson BJ 2005 Neuron 
46:169. 

Sugarcane: (Saccharum, x = 10); its diploid forms are 
unknown and the cultivated varieties have high and 
variable number of chromosomes (S. spontaneum 
2n = 36-128, S. robustum 2n = 60-170, S. officinarum 
2n 70-140), including polyploids and aneuploids. The 
modem cultivated forms are natural hybrids of 
S. spontaneum x S. officinarum (this hybrid is also 
called S. barberi in India and S. sinense in China). 
Genetic mapping requires DNA markers, which— 
unlike the gene markers—can be studied despite the 
complex chromosomal situations. It is the most 
important source of saccharose or common sugar. 

► sugar beet 

Sugars: Mono- and oligosaccharides, components of 
polysaccharides and have important role in nutrition, 
and in complexes of critical significance in immunol¬ 
ogy, cancer, other diseases, several pigments, etc. 
Database for chemistry, classification, stmcture, 
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physiological role: http://www.glycosciences.de/ 
sweetdb/index.php . 

Suicidal Antibody: The antibody is equipped with a 
targeting signal that can direct it to a degradative 
cellular compartment (e.g., lysosome, proteasome) 
where the bound antigen is destroyed, ►lysosome, 
►proteasome; Larbig D et al 1979 Pharmacology 
18:1; Hsu KF et al 2001 Gene Ther 8(5):376. 

Suicidal Behavior: Appears to have a familial compo¬ 
nent. The suspected association between tryptophan 
hydroxylase and suicidal behavior is not supported by 
recent analysis (Lalovic A, Turecki G 2002 Am J 
Med Genet 114:533). 

Suicide Inhibitor: A molecule that inhibits enzyme 
action after the enzyme acted upon it. In the original 
form, it is only a weak inhibitor but after reacting with 
the enzyme it binds to it irreversibly and becomes a 
very potent inhibitor. Allopurinol, fluorouracil 
are such molecules, ►allopurinol, ►regulation of 
enzyme activity 

Suicide Mutagen: Uses a 32 P-labeled or other radioac¬ 
tive nucleotide that is incorporated into the genetic 
material and causes mutation by localized radiation, 
►magic bullet 

Suicide Vector: Delivers a transposon into the host cells 
in which the vector itself cannot replicate but the 
transposon can be maintained and used for transpo¬ 
son mutagenesis. Additional use involves the deliv¬ 
ery of Herpes simplex virus thymidine kinase gene 
(HSV-TK) and administering ganciclovir or acyclo¬ 
vir. The HSV-TK is about three orders of magnitude 
more effective than the cellular TK in phosphorylat- 
ing these DNA base analogs and thus blocking DNA 
synthesis. The phosphorylated ganciclovir is also 
impaired in moving through cell membranes and has 
longer-lasting local effects. Eventually some ganci¬ 
clovir resistance may develop. The delivery of the 
gene for cytosine deaminase (CD) and the compound 
5-fluorocytosine may produce within the target 
5-fluorouracil, a DNA inhibitor. Xanthine-guanine 
phosphoribosyltransferase (XGPRT) may make 
the tumor cells more sensitive to 6-thioxanthene. 
P450-2B1 gene encoding a cytochrome, converts 
cyclophosphamide into the toxic phosphoramide 
mustard. The deoD bacterial gene (purine-nucleoside 
phosphorylase) converts 6-methylpurine deoxyribo- 
nucleoside into the deleterious 6-methylpurine. 
The bacterial nitroreductases convert the relatively 
non-toxic mono functional N-chloroethylamine- 

derivative, Cl954, into 10 4 times more active 
bifunctional alkylating agent. Employing HSV-TK, 
CD and XGPRT to the same tumor, three different 


transgenic cell populations, a mosaic may result. 
Theoretically, this could be used in a preventive 
program in putative cancer-prone cases. If the HSV- 
TK cells would become cancerous, ganciclovir would 
eliminate that cell subpopulation and the healthy 
tissues carrying the CD and XGPRT can take over as a 
prophylactic measure. Unfortunately, this mosaic 
approach has serious limitations at this time. Target¬ 
ing a foreign antigen (e.g., HLA-B7 protein) to the 
cancer cells may stimulate the immune system of 
the host and kill the tumor cells. The immune system 
may be stimulated by transformation with cytokine 
genes, ►transposon mutagenesis, ►ganciclovir, 
►gene therapy, ►cancer gene therapy, ►immuno¬ 
therapy adoptive, ►cytokines, ►HLA, ►bystander 
effect, ►cytosine deaminase, ►thymidine kinase; 
Takamatsu D et al 2001 Plasmid 46:140. 

Sulfatase Deficiency: ►mucosulfatidosis 

Sulfhydryl Group: —SH, and when two are joined the 
linkage is a disulfide bond. Sulfhydryl compounds, 
such as cysteine and cysteamine are protectors 
against ionizing radiation, ►thiol, ►cysteine, ►cys¬ 
teamine 

Sulfocysteinuria: A deficiency of sulfite oxidase. 
Restricted intake of sulfur amino acids in the diet 
greatly reduces sulfocysteine and thiosulfate in the 
urine and improves conditions. 

Sulfolobus (Archaea): genomes database: http://www. 
sulfolobus.org. 

Sulfonylurea: A group of compounds that stimulate 
insulin production by regulating insulin secretion and 
lower blood sugar level; it is used to treat patients 
with non-insulin dependent diabetes. These drugs 
interact with the sulfonylurea receptor of pancreatic P 
cells and inhibit the conductance of ATP-dependent 
K + ion channels. Reduction of potassium exit 
activates the inward rectifying Ca 2+ channels and 
promotes exocytosis. Sulfonylureas are inhibitors of 
the acetolactate synthase enzyme and there are also 
sulfonylurea herbicides, ►ion channels, ►diabetes, 
►herbicides 

Sulfur Mustard: See Fig. SI39 where Al is an alkyl 
group. If the two alkyl groups are chlorinated (Cl) 
the compound is called bifunctional. If only one 
alkyl group is chlorinated, the compound is mono¬ 
functional. ►nitrogen mustard, ►alkylating agents; 
Michaelson S 2000 Chem Biol Interact 125:1. 

^ Al - Cl 
X AI-CI 

Figure SI 39. Sulfur mustard 
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Sulfurylase: Catalyzes the reaction ATP 3 + S0 4 2 —> 
adenylyl sulfate (adenosine-5'-phosphosulfate, 
CioH 14 N 5 0 10 PS). 

Sulston Score: Used for comparative microsynteny 
analysis. It displays matching status of fingerprints of 
a chosen genomic clone and its matching sequences 
in others by a given probability of coincidence and a 
given tolerance. The analysis permits physical 
mapping of genomes. The scores may vary from 04 
to 38 and the lower is more stringent. (See Sulston J 
et al 1988 Comput Appl Biosci 4:125). 

Summary Statistic: Defines characteristics of a diverse 
population by the mean and variances, ►mean, 
►variance 

Sum of Squares: The sum of the squared deviations 
from their mean of the observations; it is used in 
statistical procedures to estimate differences, ►anal¬ 
ysis of variance, ►intraclass correlation 

SUMO (small ubiquitin-like modifier, 2q32.2-q33): 
Ubiquitin-like carrier proteins (11 kDa). Sumos are 
conjugated to a variety of proteins (RanGAPl-Ubc9- 
Nup358) and seem to be involved in multiple 
functions such as cell cycle progression, DNA repair, 
spontaneous mutation, heterochromatin stabilization 
and counteract recombinogenic events at damaged 
replication forks, etc. Histone sumoylation may repress 
transcription. ►UBL, ►monoubiquitin, ►sentrin, 
►PIC, ►IkB, ►IKK, ►RAN, ►Ul^, ►nuclearpores, 
►Huntington’s chorea, ►NF-kB; Melchior F 2000 
Annu Rev Cell Dev Biol 16:591; Muller S et al 2001 
Nature Rev Mol Cell Biol 2:202; Shiio Y, Eisenman 
RN 2003 Proc Natl Acad Sci USA 100:13225; Reverter 
D, Lima CD 2005 Nature [Lond] 435:687; crystal 
structure of thymine DNA glycosylase-SUMO: Baba 
D et al 2005 Nature [Lond] 435:979; heterochromatin: 
Shin JA et al 2005 Mol Cell 19:817; sumoylation site 
server: http ://bioinformatics .lcd-ustc .org/sumosp/. 

Sunburn: Sunburn (UV) causes keratoses in about 60% 
of the cases. The p53 gene may suffer mutation(s), 
mainly C—>T transitions. These p53 mutant cells, 
after clonal propagation, may develop into squamous 
cell skin cancer (SCC). In over 90% of the SCC cells, 
the p53 gene is mutant. The increased melanin 
production involved with ultraviolet light exposure 
may be correlated with the DNA repair system. 
►p53, ►keratoses, ►DNA repair, ►ultraviolet light, 
►pigmentation in animals, ►melanoma 

Sunds: ►Brugada syndrome 

Sunflower ( Helianthus ): An oil crop with about 70 
xenogamous species, 2n = 2x = 34. (See Burke JM 
et al 2002 Genetics 161:1257). 


Sun-Red Maize: Develops anthocyanin pigment when 
the tissues are exposed to sunshine (e.g., through a 
stencil) (see Fig. S140). 



Figure S140. Sun-red maize ear 


SUP35: ►prion 

supB: Ochre/amber suppressor; it inserts glutamine. 

supC: A suppressor mutation for amber (5'-UAG-3') 
and ochre (5'-U3 f ) chain-terminator codons. The 
mutation causes a base substitution in the anticodon 
of tyrosine tRNA (5'-GUA-3') and it changes to 5'- 
UUA-3' that can recognize both the ochre and amber 
codons as if they were tyrosine codons. Note: pairing 
is 5 '-3' and 3'-5'. For the recognition of the former, 
wobbling is required, ►suppressor, ►wobbling, 

► anticodon, ►ochre, ►amber 

supD: An amber suppressor mutation that reads the 
amber (5'-UAG-3') chain termination codon as if it 
would be a serine (5'-UCG-3') codon because the 
normal serine tRNA anticodon (5'-CGA-3') mutates 
to (5'-CUA-3'), therefore, instead of terminating 
translation, a serine is inserted into the amino acid 
chain. (Remember, the pairing is antiparallel). 

► suppressor, ►anticodon 

supE: An amber-suppressor mutation that reads the 
chain-termination codon 5'-UAG-3' (amber codon) in 
the mRNA as if it would be a glutamine codon (5'- 
CAG-3') because the glutamine tRNA anticodon 
mutates to 5'-CUA-3' from the 5'-CUG-3'. As a 
consequence, the translation proceeds and a gluta¬ 
mine is inserted at the site where in the presence of an 
amber codon in the mRNA the translation would have 
terminated. (Note: the pairing is antiparallel). 

supF: Amber suppressor; it inserts tyrosine. 

Superantigen: Native bacterial and viral proteins that 
can bind directly (without breaking up into smaller 
peptides) to MHC class II molecules on antigen- 
presenting cells. The variable regions of T cell 
receptor p chains thus activate more T cells against, 
e.g., enterotoxins of Staphylococci —causing toxic 
shock syndrome or food poisoning—than normal 
antigens. Cellular superantigens are likely to be 
responsible for such diseases as diabetes mellitus. 
►MHC, ►TCR, ►entero toxin, ►toxic shock 
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syndrome, ►diabetes mellitus, ►antigen, ►endoge¬ 
nous vims; Muller-Alouf H et al 2001 Toxicon 
39:1691; Alam SM, Gascoigne NR 2003 Methods 
Mol Biol 214:65. 

Superchiasmatic Nucleus: A region near the optical 
center of the hypothalmus in the brain controlling 
circadian signals, ►brain, ►circadian rhythm 

Supercoiled DNA: May assume the positive supercoiled 
structure by twists in the same direction as the 
original, generally (right handed) coiling of the 
double helix, or it may be twisted in the opposite 
direction, negative supercoiling. Negative supercoil- 
ing (Z DNA) may be required for replication and 
transcription (see Fig. S141). 



Figure SI41. Supercoiled DNA plasmid of Strepto¬ 
coccus lactis. (Courtesy of Dr. Claude F. Garon) 

The superhelical density expresses the superhelical 
turns per 10 bp and it is about 0.06 in cells as well as 
in virions. Loss of positive supercoiling may be 
lethal. Localized negative super coiling may be lethal. 
Localized negative supercoiling is essential for 
gene expression, replication and many other func¬ 
tions of the DNA. ►DNA replication prokaryotes, 
►transcription, ►Z DNA, ►packing ratio, ►linking 
number; Holmes VF, Cozarelli NR 2000 Proc Natl 
Acad Sci 97:1322. 

Superdominance: Same as overdominance or mono¬ 
genic heterosis. ►hybrid vigor, ►overdominance 

Superfamily of Genes: A group of genes that are 
structurally related and may have descended from 
common ancestors although their present function 
maybe different. (See http://supfam.mrc-lmb.cam.ac. 
uk/ SUPERFAMILY/index.html) . 

Superfamily of Proteins: Evolutionarily related pro¬ 
teins. (See http://cathwww.biochem.ucl.ac.uk/latest/ 
index.html). 


Superfemale (metafemale): Drosophila , trisomic for 
the X-chromosome (XXX) but disomic for the 
autosomes; she is sterile, ►aneuploidy, ►supermale 
Drosophila 

Superfetation: Due to an apparently rare autosomal 
dominant gene ovulation may continue after implan¬ 
tation of the fertilized egg and an unusual type 
of twinning results. In animals, when a female may 
mate repeatedly with several males, the same litter 
may become multipatemal. Human dizygotic twins 
may also be of different paternity when during the 
receptive period the female had intercourse with two 
different males, ►twinning, ►multipatemate litter; 
Fontana J, Monif GR 1970 Obstet Gynecol 35:585. 

Supergenes: Linked clusters of genes that are usually 
inherited as a block because inversion(s) prevent(s) 
the survival of the recombinants for the clusters and 
thus have evolutionary and applied significance in 
plant and animal breeding. Supergenes may be 
adaptively linked polymorphic loci. 

Superinfection: A bacterium is infected by another 
phage. This is generally not possible in a lysogenic 
bacterium because of immunity, i.e., the superinfect- 
ing phage cannot enter a vegetative cycle within the 
lysogen. Infection by two T even phages may fail in 
such an attempt by “superinfection breakdown.” 
Some higher organisms may be infected by parasites 
of different genotypes. The number of clones of the 
parasites may not increase with the progression of the 
disease indicating competition among the super- 
infecting strains (e.g., Plasmodium) ►immunity, 
►phage, ► Plasmodium ; Hayes W 1965 The Genetics 
of Bacteria and their Viruses. Wiley, New York; 
Vogt B et al 2001 Hum Gene Ther 12(4):359. 

Supermale Asparagus: Can be obtained by regenerating 
and diploidizing plants obtained from Y chromosom¬ 
al microspores or pollen by the techniques of cell 
culture. Thus, their chromosomal constitution is 18 
autosomes + YY. These plants are commercially 
advantageous because of the higher yield of the 
edible spears. ► YY Asparagus 

Supermale Drosophila : Has 1 X and 3 sets of autosomes, 
i.e., the fly is monosomic for X but he is trisomic for 
all the autosomes; he is sterile, ►superfemale, ►sex 
determination 

Superman: A homeotic mutation in Arabidopsis result¬ 
ing in excessive development of the androecium at 
the expense of other flower parts. The DNA base 
sequences are the same as in the wild type but the 
mutation evokes methylation. ►flower differentiation, 
► androecium; Koshimoto N et al 2001 Plant Mol Biol 
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46:171; Cao X, Jacobsen SE 2002 Curr Biol 12:1138; 
Dathan N et al 2002 Nucleic Acids Res 30:4945. 

Super-Mendelian Inheritance: The transmission of one 
of the alleles in a diploid is preferential because of the 
advantage of a gene at meiosis or post-meiotic steps 
of gametogenesis. This advantage may not be due an 
intrinsic superiority of the allele. Homing endonucle¬ 
ase genes (HEG) may be preferentially transmitted 
horizontally, but may or may not be propagated at a 
selective advantage, ►homing endonuclease, ►seg¬ 
regation distorter, ►meiotic drive, ►preferential 
segregation; Goddard MR, Burt A 1999 Proc Natl 
Acad Sci USA 96:13880. 

Supermutagen: An efficient mutagen that causes 
primarily point mutations without inducing frequent 
chromosomal defects, ►point mutation, ►ethyl- 
methane sulfonate, ►nitrosoguanidine 

Supermutation: ►hypermutation, ►somatic hypermu¬ 
tation, ► antibody gene switching 

Supernatant: The non-sedimented fraction after centri¬ 
fugation of a suspension or in general, any floating 
fraction derived of a mixture. 

Supernatural: ►paranormal 

Supernumerary Chromosome: ►B chromosome, ►cat 
eye syndrome 

Supernumerary Marker Chromosome: Rare(~3 x 10“ 4 ) 
abnormal chromosomes with internal duplications 
and deletions. The majority (~60%) involves two 
inverted copies of the short arm, centromere and the 
proximal segment of the long arm of human 
chromosome 15 (SMC[15]). The majority of the 
latter are dicentric but one of the centromeres is 
inactive (pseudocentromeric 15). ►chromosomal 
rearrangements; Roberts SE et al 2003 Am J Hum 
Genet 73:1061. 

Superoperon: A regulatory complex tied together, e.g., 
photoreceptor pigment synthesis and photosynthesis. 
► operon, ►iiberoperon, ►supraoperon 

Superovulation: By injection of gonadotropic hormones 
(into mice), the number of eggs produced may 
increase several fold. Fertilization follows after about 
13 h and the eggs can be surgically collected to study, 
in vitro, the preimplantation development. Hormonal 
treatment may cause superovulation also in usually 
monoparous animals too. ►twinning 

Superoxide (0 2 -*): A highly reactive species of oxygen. 
In the hypersensitivity reaction defense mechanism, 
it appears to play an important role along with nitric 
oxide, ►nitric oxide, ►hypersensitivity reaction, 


► SOD, ►hydrogen peroxide, ►ROS, ►Fenton 
reaction, ►peroxynitrite, ►peroxides 

Superoxide Dismutase (SOD): Catalyzes the reaction 
20 2 + 2H + —>0 2 + H 2 0 2 and thus participates in 
the detoxification of the highly reactive (mutagenic) 
superoxide radical 0 2 . These enzymes are the 
main detoxificants of the free radicals. SOD over¬ 
expression confers resistance to ionizing radiation 
under aerobic conditions. There are three isozymes 
of SOD: the cytosolic SOD-1 (human chromosome 
21q22.1, the mitochondrial SOD-2 [6q25.3] and 
the extracellular SOD-3 [4pter-q21]). In SOD defi¬ 
ciency, cardiomyopathy, brain damage, mitochon¬ 
drial defects, Lou Gehrig’s disease and precocious 
aging may result. A non-peptidyl manganese com¬ 
plex with bis (cyclohexylpyridine)-substituted mac- 
rocyclic ligand may mimic SOD activity. Inhibition 
of SOD enzymes may trigger suicide of leukemia 
cells, which have a higher rate of oxidative metabo¬ 
lism. Cell suicide may also occur when the level of 
hydrogen peroxide is high or when the latter is 
converted to hydroxyl radicals in a Fe2+ dependent 
process. Using the cytosolic SOD gene in an 
adenoviral vector may provide protection against 
ROS injury, ►amyotrophic lateral sclerosis, ►granu¬ 
lomatous disease, ►cardiomyopathies, ►aging, 
►ROS, ►host-pathogen relationship, ►oxidative 
stress, ►AMPA; Fridovich I 1975 Annu Rev 
Biochem 44:147; Danel C et al 1998 Hum Gene 
Ther 9:1487. 

Superparamagnetic Scale Particles: ►magnetic relaxa¬ 
tion switches, ►magnetic targeting 

Super-Repressed: Bacterial operon cannot respond to 
inducer, ►repression, ►inducer 

Supershift: ►gel retardation assays 

Supersuppressor: A dominant suppressor acting on 
more than one allele or even on different gene loci. 

► suppressor; Gerlach WL 1976 Mol Gen Genet 
144:213. 

Supervillin: ►androgen receptor 

Supervised Learning: Finding shared patterns or motifs 
common to all “positive” sequences and absent from 
all “negative” ones in a curated way. ►motif, 
►unsupervised learning, ►curated; Moler EJ et al 
2000 Physiol Genomics 2(2): 109. 

Supervital: Fitness exceeds that of the standard (wild) 
type. 

supF: An amber-suppressor mutation in tRNA Tyr that 
recognizes the chain-termination codon (5'-UAG-3) 
as if it would be a tyrosine codon (5'-UAC-3' or 
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5'-UAU-3') because a mutation at the anticodon 
sequence in the tyrosine tRNA changes the 5'-GUA- 
3' into a 5'-CUA-3' and thus the tyrosine tRNA inserts 
a tyrosine into the growing peptide chain where 
translation would have been terminated. ► suppressor 
tRNA, Ti'VX. 

supG: Suppressor mutation for both amber (5'-UAG-3') 
and ochre (5'-UAA-3') chain termination codons, by 
a base substitution mutation in the anticodon of lysine 
tRNA from (5'-UUU-3') to 5'-UUA-3' that can 
recognize the amber and ochre codons in the mRNA, 
as if they would be lysine (5'-AAA-3' or 5'-AAG-3') 
codons and thus inserting in the peptide chain a lysine 
rather than discontinuing translation. (Note: the 
pairing is antiparallel). 

Support: A statistical concept it is synonymous with log 
likelihood. ► likelihood 

Support Vector Machine (SVM): A computer program 
based on the principle of supervised learning 
techniques. It uses a training set to determine which 
data should be clustered a priori. The operations start 
with a set of genes that are already known to have 
common function, e.g., genes that encode ribosomal 
proteins. It picks another set of genes that are not 
members of the functional group specified. These two 
sets form the training examples and the genes are 
marked positive in case they fall in the specified 
functional class or negative if they are not. The SVM 
thus learns from the two groups how to discriminate 
and classify any “unknown” on the basis of function. 
This procedure can classify genes based on micro¬ 
array hybridization data and identify functional 
clusters genome-wide, ►microarray hybridization, 
►machine learning, ►supervised learning, ►cluster 
analysis; Brown MPS et al 2000 Proc Natl Acad Sci 
USA 97:262; Hua S, Sun Z 2001 Bioinformatics 
17(8):721; Cristianini N, Shawe-Taylor J 2000 An 
Introduction to Support Vector Machines and Other 
Kernel-Based Learning Methods. Cambridge Uni¬ 
versity Press, New York. 

Supportive Counseling: To alleviate the psychological 
problems involved with the discovery of hereditary 
disorders and birth defects in families, ►counseling 
genetic 

Suprachiasmatic Nucleus: A small site in the hypothal¬ 
amus above the optic region controlling rhythmic 
function of the body and memory of all vertebrates, 
►brain human 

Supramolecular/Supermolecular: Literally means be¬ 
yond molecular, but it is also used for structures 
assembled from molecules held together by bonds 
weaker than those within molecules are. The number 


of molecules, how they are connected, and the way 
they are oriented relative to each other, characterizes 
the system structurally. Supermolecular structure is 
important for understanding how cells function. (See 
Turro NJ 2005 Proc Natl Acad Sci USA 102:10765). 

Supraoperon: A region of the prokaryotic genome 
where operons of similar function are located, e.g., in 
the aromatic ( aro ) amino acid pathway including 
tryptophan (trp) and histidine (his): ►operon, 
►iiberoperon, ► superoperon; Berka RM et al 2003 
Proc Natl Acad Sci USA 100:5682. 

Supravalvar Aortic Stenosis (SVAS): A human chro¬ 
mosome 7qll dominant mutation in an elastin gene 
with a prevalence of about 5 x 10 -5 causing 
obstruction of the aortic blood vessels. The basic 
defect is due to a deficiency of elastin. It is pleiotropic 
and part of the Williams syndrome, ►coarctation of 
the aorta, ►cardiovascular diseases, ►William’s 
syndrome, ►elastin 

Suppressor, Bacterial: Protein product of the bacterial 
regulator gene (e.g., i in the Lac operon) that when 
associated with the operator prevents transcription. 
►Lac operon, ►ara operon 

Suppressor, Extragenic: The suppressor mutation is 
outside the boundary of the suppressed gene. 
► suppressor tRNA, ►second-site suppressor, ►sec¬ 
ond site reversion 

Suppressor Gene: Restores function lost by a mutation 
without causing a mutation at the site suppressed. The 
suppressor can be intragenic (within the cistron but 
also at another site) or at any other locus, e.g., in the 
signal transduction pathway. The suppressor may act 
by reducing and also by overexpression of a gene 
product. ► suppressor extragenic, ► suppressor intra¬ 
genic, ► suppressor informational, ►frameshift, 
►mutation in organelle DNA 

Suppressor, Haplo: Dominant suppressor that can act in 
a single dose. 

Suppressor, Informational: Interferes with the expres¬ 
sion of another gene at the level of translation by 
affecting either tRNAs or ribosomes or peptide 
elongation factors. 

Suppressor, Intragenic: The suppressor site is within 
the gene where suppression takes place, ►frameshift 
suppressor 

Suppressor Mutation: ►suppressor gene, ►si/p, ►sup¬ 
pressor tRNA, ►suppressor RNA, ►frameshift 
suppressor, ►mitochondrial suppressor 

Suppressor RNA (sRNA): Prevents translation of a 
mRNA by partial base pairing with a specific 
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sequence of the target. Two 22 and 40 nucleotide long 
tracts of the lin-4 transcripts control the translation of 
gene lin-14. The latter is an early expressed nuclear 
protein in Caenorhabditis but its expression is 
blocked during later stages by the lin-4 RNA that 
itself is not operating through a protein. Several other 
genes are subject to RNA suppressors in other 
organisms. The mechanism of this suppression seems 
to be different from that of the suppressor tRNA. 
► suppressor tRNA, ►suppressor gene, ►antisense 
RNA, ►antisense DNA, ►RNAi, ►repressor; 
Olsthoom RC et al 2004 RNA 10:1702. 

Suppressor, Second Site: A suppressor outside the 
boundary of the locus but usually within the 
same chromosome, ►suppressor gene, ►second site 
reversion 

Suppressor Selection Gene Fusion Vector: Carries 
nonsense codon(s) in the structural gene and can be 
expressed only if the target genome carries nonsense 
suppressors, ►vectors gene fusion, ►transcriptional 
gene fusion vector 

Suppressor T Cell: Can suppress antigen-specific and 
allospecific T cell proliferation by competing for the 
surface of antigen-presenting cells. ►T cell, ►allos¬ 
pecific; Maloy KJ, Powrie F 2001 Nature Immunol 
2:816. 

Suppressor tRNA: Makes the translation of nonsense or 
of missense codons in the original, normal sense 
possible because a mutation in the anticodon of the 
tRNA recognizes the complementary sequence in the 
codon but its specificity resides in the tRNA molecule 
(see Fig. S142). Exceptions are possible, however. 
In the anticodon 5'-CCA-3' of the tryptophan codon 
(5'-UGG-3') is not mutant yet it may deliver to the 
opal position a tryptophan if at position 24 of the D 
loop of the tryptophan tRNA a guanine is replaced by 
an adenine. Similarly, if in the GGG codon of glycine 
another G base is inserted by a frameshift mutagen 
but subsequently, in its anticodon (CCC) an extra C is 
inserted then the tRNA may read the four bases 
normally as a glycine codon rather than nonsense. 
Beyond the codon-anticodon binding, mutation 
elsewhere in tRNA Trp can effect the correct decoding 
(Cochella L, Green R 2005 Science 308:1178). 
►tRNA, ►Hirsh suppressor, ►code genetic, ►muta¬ 
tion in organelle DNA, ►phenotypic reversion, 
►translation in vitro; Smith JD et al 1966 Cold 
Spring Harb Symp Quant Biol 31:479; Murgola EJ 
1985 Annu Rev Genet 19:57; Beier H, Grimm M 
2001 Nucleic Acids Res 29:4767. 


UAG stop codon UAG stop codon 



Translation stops at the st0 P c °don 

Figure S142. Suppressor tRNA 


supU: A suppressor of the opal (5'-UGA-3') chain 
terminator codon with an anticodon sequence of 
5'-UCA-3'. The mutation changes the anticodon of 
the tryptophan tRNA from 5'-UCA-3' to 5'-CCA-3' 
and that permits the insertion of a tryptophan residue 
into the polypeptide chain where it would have been 
terminated without the suppressor mutation (codon- 
anticodon recognition is antiparallel). This suppres¬ 
sor mutation is unusual because it recognizes both the 
tryptophan codon (5'-UGG-3') and the opal suppres¬ 
sor codon, i.e., its action is ambivalent. 

SurA: Periplasmic parvulin type peptidyl-prolyl isom- 
erase involved in chaperoning outer membrane 
proteins, ►peptidyl-prolyl isomerase, ►parvulin, 
►periplasma 

Surface Antigen: Generally, glycoprotein molecules on 
the cell surface that determine the identity of the cells 
for immunological recognition. The display of 
surface antigens is regulated at the level of transcrip¬ 
tion. ►VSA, ►antigen, ► Trypanosomas, ►Borrelia 

Surface Plasmon Resonance (SPR): Incoming light, in a 
certain angle, hits a hydrophilic dextran layer covered 
gold surface. The interacting molecule is immobi¬ 
lized on this surface. As the molecule injected binds 
to this surface the refractive index of the medium is 
increased and the change in the angle at which the 
intensity change occurs is measured in resonance 
units. The size of the macromolecule is positively 
correlated with the response. This analysis has 
numerous biological applications for the deter¬ 
mination of protein-protein interactions such as 
antibody affinities, epitope, growth factor, signal 
transducing molecule, receptor, ligand binding, etc. 
►biosensors, ►microcalorimetry, ►immunoprecipi- 
tation; Heaton RJ et al 2001 Proc Natl Acad Sci USA 
98:3701. 
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Surfectant: Common surfectants are soaps and deter¬ 
gents. In gene therapy, different surfectants such as 
perfluorochemical liquids, phospholipids may facili¬ 
tate gene delivery to pulmonary tissues. 

Surfection: A procedure to transfer genes to cells 
layered of the surface of polyethylenimine/collagen- 
coated wells. It can deliver multiple plasmids into 
cells at large-scale arrays. The procedure can assay 
RNAi-mediated silencing, live-cell imaging and cell- 
based drug screening. ►RNAi; Chang F-H et al 2004 
Nucleic Acids Res 32(3):e33. 

Surrogate Chains (TL, TH): Of immunoglobulins are 
found in the progenitor (pro-) B lymphocytes. In the 
human and mouse fetal liver and adult bone marrow 
an 18 kDa protein with (~45%) homology to the 
variable regions of the k, A and heavy chains and a 
22 kDa protein with ~70% homology to the constant 
region of the A chain have been found. The synthesis 
of these proteins OFL) ceases after the IgM chains 
appear on the lymphocyte surface. They participate in 
the formation of the B cell receptor with other 
immunoglobulins and a short p chain containing only 
the N-terminal D(J)C sequences. The 'LL light chains 
are associated with a complex of 130 kDa/35-65 kDa 
glycoproteins (TTl) and together make the surrogate 
receptors, ►immunoglobulins, ►B lymphocytes, 

► immune system; Meffre E et al 2001 J Immunol 
167:2151. 

Surrogate Genetics: ►reversed genetics 

Surrogate Mother: A female who carries to term a baby 
for another couple. She may actually contribute the 
egg or may just be a gestational carrier of a fertilized 
egg and has no genetic share in the offspring. In either 
case, moral, ethical, psychological and legal pro¬ 
blems must be pondered before this method of child 
bearing is chosen. Civil law generally keeps the 
maternal right of the gestational mother despite any 
contractual agreement contrary to natural parenthood. 
In case, however, the gestational mother is not the 
donor of the ovum, the maternal right pertains to the 
biological ovum donor. Obviously, there are serious 
ethical problems here beyond the principles of 
genetics. The society must protect the best interest 
of the child, ►oocyte donation, ►ART, ►paternity 
testing 

Surveillance, mRNA: A mechanism of quality control 
for the elimination of defective proteins. (See 
Hilleren P et al 1999 Annu Rev Genet 33:229; 

► immunological surveillance). 

Survey Sequencing: Covers only lx-2x of the genome, 
providing information on 60-80% of the sequences 
in a fragmented form, compared with complete 
sequencing that employs 6x-8x coverage. It is 


a temporary compromise mandated by monetary, 
physical and manpower limitations. It still provides 
substantial information because several other genomes 
with homologies supplement and complement the 
missing information. (See Hitte C et al 2005 Nature 
Rev Genet 6:643). 

Survival: The total survival probability per genetic 
damage is expressed by the equation: 

h=<9 

S(p,0)=5>(p,M!) 

h=0 

where p = hit probability, d = VD, V = total cell 
volume, D = density of the active events [dose], P = 
likelihood of survival. (See more in Alpen EL 1998 
Radiation Biophysics. Academic Press; ►target 
theory, ►neutral mutation, ►beneficial mutation, 
►cost of evolution, ►genetic load, ►fitness) 

Survival Factors: Interfere with apoptosis. The balance 
between survival and apoptosis is very complex and a 
large number of proteins and ligands are involved 
through different pathways. (See Fig. S143, ►apo¬ 
ptosis, ►BAD, ►survivin) 

Survival Estimator: ►Kaplan-Meier estimator 

Survival of the Fittest: ►fitness, ►neo-Darwinism, 
► social engineering, ►social Darwinism 

Survival Phenotype: Under poor nutritional condition the 
fetus develops a lean body, undersized visceral organs, 
fewer muscle cells, undersized nephrons and liver. 
Because of the maternal nutritional deficiency, the 
promoters of many genes remain unmethylated in 
the early embryo, resulting in altered phenotype 
persisting into adulthood. After birth, they may gain 
more weight when food becomes available and may 
become diabetic, ►nephron, ►diabetes; Gluckman P, 
Hanson M 2005 The fetal matrix: Evolution, develop¬ 
ment and disease. Cambridge University Press. 

Survivin: An inhibitory protein (16.5 K) of caspases that 
are activated by cytochrome c. It is antiapoptotic. 
Survivin is expressed as a passenger protein at the 
G2—mitosis phases of the cell cycle and it is 
associated with the microtubules of the mitotic 
spindle. Apoptosis may be caused by the disruption 
of this association. Overexpression of survivin may 
lead to cancer. Disruption of survivin action may 
reduce melanoma growth. Survivin is essential for 
the development of erythroid cells; but overexpres¬ 
sion of survivin interfered with megakaryocyte 
development but did not affected erythroid cells 
(Gurbuxani S et al 2005 Proc Natl Acad Sci USA 
102:11480). The survivin gene promoter contains 
several Spl canonical, Spl-like, and p5 3-binding 
elements, suggesting participation of the Spl 
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Figure SI43. Survival factors 


transcription factor and/or p53 in gene regulation. 
Furthermore, survivin transcription is down-regulated 
by the DNA-damaging agent doxorubicin, which 
mediates p53 induction in acute lymphoblastic 
leukemia (Esteve P-0 et al 2007 J Biol Chem 
282:2615). ►apoptosis, ►cell cycle, ►spindle, ►sur¬ 
vival factor, ►passenger protein, ►Stat, ►megakaryo¬ 
cyte, ► erythrocyte, ►p53, ►doxorubicin, ►leukemia; 
Wheatley SP et al 2001 Curr Biol 11:886; Hoffman 
WH et al 2002 J Biol Chem 277:3247; Altieri D 2003 
Nature Rev Cancer 3:46. 

Suspension Culture: The cells are grown in liquid 
nutrient medium. 

Suspensor: A line of cells through which the plant 
embryo is nourished by the maternal tissues. In general, 
anatomy ligaments may be called suspensors. 

Sutent: ►Gleevec 

Suture: A junction of various solid animal and plant 
tissues. 

Su(var): Suppressor of variegation, ►heterochromatin; 
Rudolph T et al 2007 Mol Cell 26:103; Haynes KA 
et al 2007 Genetics 175:1539. 

SUV39H1 (Clr): ►histone methyltransferases 

Sv: ►Sievert 

SV2s: Glycosylated transmembrane proteins, homolo¬ 
gous to prokaryotic and eukaryotic transporters, 
►transporters 

SV40 Tag: Simian virus 40 large T antigen. ►Simian 
virus 40 

SV40 Vectors: SV40 plasmids (vectors) can be 
packaged only if their DNA is within the range of 
3900 to 5300 bp. Since these small genomes do not 
have much dispensable DNA, it is almost impossible 
to construct a functional vector with any added genes 


to it. Fortunately, functions provided by helper DNA 
molecules might help to overcome these problems. 
Simian Virus 40 cannot replicate autonomously if 
the replicational origin {ori) is defective, yet it can 
integrate into chromosomal locations of green 
monkey cells and can then be replicated along the 
chromosomal DNA (such a cell is COS [cell origin 
simian virus]). Also, since the early genic region is 
normal (►Simian Virus 40 for structure), it may 
produce the T antigen within the cell. If such a cell is 
transformed by another SV40 vector in what the viral 
early gene region was replaced by a foreign piece of 
DNA, the COS cell may act as a helper and replicate 
multiple copies of the second, the engineered SV40 
DNA. Since the late gene region of this plasmid is 
normal, the viral coat proteins can be synthesized 
within the cell. The availability of the coat proteins 
permits the packaging of the engineered SV40 DNA 
into capsids. 

The virions so obtained can be used to infect other 
mammalian cells where the passenger DNA can be 
transcribed and translated and the foreign protein can 
be processed. The transformed cell thus can acquire a 
new function. Also, an SV40 plasmid can be 
constructed with insertion into the late gene cluster, 
a foreign gene with a desired function. This plasmid 
can then use inactivated (deleted) early genes but with 
a good ori site. Upon coinfection of a mammalian cell 
with these two plasmids, the SV40 plasmids can 
replicate to multiple copies and the inserted foreign 
gene can be expressed. Also, it is feasible to insert 
into a prokaryotic pBR322 plasmid the ori region of 
SV40 and another piece of DNA including all the 
necessary parts of a foreign gene. When this plasmid 
is transfected into a COS cell, the passenger gene can 
be transcribed, translated and processed thanks to the 
multiple copies replicated within this mammalian 
cell. With the assistance of SV40 based constructs, 
mammalian and other genes can be shuttled between 
mammalian and bacterial cells. 
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Figure SI44. SV40 shuttle vectors can ferry genes from mammals to prokaryotes 



The procedure: a thymidine kinase-deficient ( tk ~) 
rodent cell is transformed by pBR322 bacterial 
plasmid carrying the ori of SV40 and the TK + 
(functional thymidine kinase), and an ampicillin 
resistance gene (< amp R ) for bacterial selectability. 
Within the rodent cell the bacterial plasmid is 
integrated into a chromosome of the rodent cell and 


this cell is then fused with a COS cell. The integrated 
pBR322 plasmid is replicated into many copies 
thanks to the presence of the COS nucleus. The 
hybrid plasmid carrying a bacterial replicon, an SV40 
ori , the TlC and amp R can infect E. coli cells and can 
be selectively propagated there. Thus, the shuttle 
function is achieved. Another SV40 and pBR322 
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based vector is the pSV plasmid. This contains, in a 
Pvu II and HinD III restriction enzymes generated 
fragment, the promoter signals and the mRNA 
initiation site. When any open reading frame is 
attached to it, transcription can proceed. In addition, 
an intron of the early region provides splicing sites for 
other genes. The region also contains the transcription 
termination and polyadenylation signals. Some other 
pBR322 parts may be equipped with additional 
specific, selectable markers. ►Simian virus 40, 
►vectors, ►viral vectors, ►shuttle vector; Jayan GC 
et al 2001 Gene Ther 8:1033; see Fig. S144. 

SVA: Non-autonomous transposable elements in the 
human genome that are mobilized by LI. ►transpo¬ 
sable element, ►LINE; Ostertag EM et al 2003 Am J 
Hum Genet 73:1444. 

SVC: ►carbon dioxide (C0 2 ) sensitivity 



Figure S145. Sweet pea 


Sweet Potato ( Ipomoea batatas ): Primarily a warm 
climate vegetable with about 25 species with basic 
chromosome number x =15 and a single genome; the 
most common cultivated form is hexaploid, although 
related species may be diploid or tetraploid. 

Swept Radius: ►linkage 


SVD (singular value decomposition): A comparative 
mathematical procedure for genome-scale study of 
expression of two data sets, containing “genelets,” 
shared by both sets. (Alter O et al 2003 Proc Natl 
Acad Sci USA 100:3351). 

Svedberg Units: ►sedimentation 

SVF-2: A member of the tumor necrosis factor receptor 
family. ►Fas, ►TNF 

Swapping Genes: exchanging genes by horizontal 
transfer via plasmids, ►transmission, ►site-specific 
recombination, ►targeting genes; Nebert DW et al 
2000 Ann N Y Acad Sci 919:148. 

Swede ( Brassica napus ): A leafy fodder crop in 
Northern climates and it also an edible human 
vegetable; 2n = 38, AABB genomes, ►rape 

Sweet Clover ( Melilotus officinalis)’. A fragrant legumi¬ 
nous plant because of its coumarin content. 
The coumarin-free forms (M albus) are used as 
hay, 2n = 16. ►coumarin 

Sweet Pea ( Lathyrus odoratus , 2n= 14): An ornamental 
that had been exploited for studies on the genetic 
determination of flower pigments (see Fig. S145). 
Another peculiarity is that the “long’’/“disc” pollen 
shape (L/t) is determined by the genotype of the 
sporophytic (anther) tissue rather than by the gameto- 
phyte. Therefore, delayed inheritance is observed. 
► delayed inheritance 


SWI, SWI2/SNF2, SWI3 : Yeast genes encoding tran¬ 
scriptional activators by chromatin remodeling. The 
homologous protein in Drosophila is BRAHMA. 
SWI2/SNF2 is a DNA-dependent ATPase. A hetero¬ 
dimer of Swi4 and Swi5 is SBF. A heterodimer of Swi6 
and Mbpl is MBF. ►activator genes, ►co-activator, 
►transcriptional activator, ► Poly comb, ►chromatin 
remodeling, ►NURF, ►CHRAC, ►ACF, ►nucleo- 
some, ►nuclease-sensitive sites, ►Mbpl, ►SBF; 
Muchardt C, Yaniv M 1999 J Mol Biol 293:187; 
Sengupta SM et al 2001 J Biol Chem 276:12636. 

Swi6: A centromeric repressor chromodomain protein 
in Schizosaccharomyces pombe , essential for centro¬ 
mere function, ►centromere 

Swimming in Bacteria: Movement by counterclockwise 
rotation of the flagella. 

Swine: Most commonly used name for the female 
animals of the Sus species (hogs), ►pig 

SWI/SNF: ►nucleosome, ►chromatin remodeling, 
► SWI 

SwissProt Database: protein information: http://www. 
expasy.org/; http://www.ebi.ac.uk/swissprot/. 

Switch, Genetic: An individual cell may initially express 
immunoglobin gene Cp but in its clonal progeny it 
may change to the expression of Ca as a result of 
somatic DNA rearrangement. Similar DNA switch 
may occur in the variable region of the light-chain 
genes. Switching occurs during the mating type 
determination of yeast and phase variation in prokar¬ 
yotes. The operation of genetic switch was first 
thoroughly studied in phage lambda, ►immuno¬ 
globulins, ► antibody gene switching, ►epigenesis, 
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► Trypanosomas, ►Borrelia , ►lambda phage, ►site- 
specific recombination, ►mating type determination 
in Saccharomyces , ►phase variation, ►Gene-Switch; 
Ptashne PM 2004 Genetic Switch, Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, New York; 
►riboswitch 

Switching, Phenotypic: May occur without any change 
in the genetic material and involves only altered 
regulation of transcription resulting in different 
phenotypes. 

Swivelase (topoisomerase type I): After a single nick in 
a supercoiled DNA, it permits the cut strand to make a 
turn around the intact one to relieve tension. ►DNA 
replication, ►prokaryotes, ►topoisomerase; Zhu Q 
et al 2001 Proc Natl Acad Sci USA 98:9766. 

SWR: ►chromatin remodeling 

SWR Mouse: Prone to cancer and autoimmunity. 

Swyer Syndrome (gonadal dysgenesis XY type, 
Xp22.1-p21.2): Apparently mutation or loss in the 
SRY gene is responsible for the anomaly. The 
afflicted individuals appear normal females until 
puberty but display only deficient (“streak”) gonads 
and fail to menstruate, ►gonadal dysgenesis, ►tes¬ 
ticular feminization, ►SRY, ►sex determination, 

► Denys-Drash syndrome 

Sxl (sex lethal): (chromosomal location 1-19.2) Con¬ 
trols sexual dimorphism in Drosophila ; it is required 
for female development. ► sex determination 

SXR (steroid xenobiotic receptor in humans): Its mouse 
homolog is Pxr. This protein is an inducer of 
the cytochrome P450 detoxifying enzyme CYP3A4 
(7p22.1). Mice transgenic for SXR displayed en¬ 
hanced protection against environmental and drug 
carcinogens. This system also has important role in 
the oxidative activation of procarcinogens such as 
aflatoxin B and many different drugs. Apparently, the 
herb St. John’s wort, which may lower the effective¬ 
ness of the antiseizure phenobarbital, breast cancer 
drug tamoxifen, the contraceptive ethinyl estradiol, 
etc., activates SXR/Pxr. ►cytochromes; Synold TW 
et al 2001 Nature Med 7:536. 

Sybase: A computer program that links various 
databases for macromolecules such as GeneBank, 
EMBL. ►data management system, ►databases; 
https ://login. Sybase. com/login/userLogin. do . 

Sycamore ( Platanus spp): Large attractive monoecious 
trees, 2n = 42. 

SYK (M r 72 K): A signal protein for the interleukin-2, 
granulocyte colony-stimulating factor and for other 
agonists. It is a protein tyrosine kinase of the SRC 


family and indispensable for B lymphocyte develop¬ 
ment. Syk is downregulated by the Cbl protein. Syk 
seems to modulate epithelial cell growth and may 
suppress human breast carcinomas. ►B cell, ►ZAP- 
70, ► agonist, ►B lymphocyte receptor, ►Cbl, 
►BTK; Sada K et al 2001 J Biochem 130:177. 

Syllogism: A form of deductive reasoning using a major 
premise , e.g., mice show graft rejection, the rejection 
of transplants is based on the presence of the MHC 
system (minor premise ), and therefore mice must 
have a major histocompatibility system (conclusion). 
►logic 

Symbionts: Mutually interdependent cohabiting organ¬ 
isms, such as the Rhizobium bacteria within the 
root nodules of leguminous plants, or algae within 
green hydra animals. The boundary between patho¬ 
genesis and mutualistically advantageous situation 
is not always clear. Many symbionts are essential 
for nutrition, digestion, development, and defense 
against other pathogens whereas others are definitely 
harmful for the health or reproduction of the host. 

The leaf-cutting ants rear and feed only a single 
species of fungus through millions of years and 
develop mutualistic relations with it (Poulsen M, 
Boomsma JJ 2005 Science 307:741). Some wasps 
(Philanthus triangulum) cultivate Streptomyces bac¬ 
teria in their antennal glands and apply them to the 
blood and this protects the cocoon from fungal 
infestation (Kaltenpoth M et al 2005 Curr Biol 
15:475). Symbiosis may lead to loss or inactivation of 
genes that are no longer necessary in a cohabiting 
situation. The marine worm Olavius algarvensis lack 
mouth, gut and nephridia (excretory organs) and the 
nutritional functions are supplied by the cohabiting 
sulphur-oxidizing and sulphate reducing bacteria 
(Woyke T et al 2006 Nature [Lond] 443:950). On 
the other hand, new functions may be acquired or pre¬ 
existing gene functions may be enhanced that are 
mutually beneficial. Symbiosis may be interpreted 
either as mere cohabitation or a mutually meaningful 
association (advantageous or parasitic). Bacterial 
nitrogen fixation and mycorrhizal symbiosis is 
controlled by a ligand-gated cation (Ca 2+ , calmodu¬ 
lin) channel (Levy J et al 2004 Science 303:1361). 
Calcium spiking is one of the initial steps in the 
symbiotic process. The proteins for establishing the 
symbiotic relationship for both fungi and bacteria 
reside in the plastids of the plant roots (Imaizumi- 
Anraku H et al 2005 Nature [Lond] 433:527). The 
plant pathogenic fungus Rhizopus harbors intracellu¬ 
lar Burkholderia bacteria, which are responsible for 
the production of a polyketide, rhizoxin toxin. The 
toxin poisons p-tubulin and has strong antimitotic 
effect and, thus, can have medical use as an anticancer 
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agent (Partida-Martinez LP, Hertweck C 2005 Nature 
[Lond] 437:884). ►mycorrhiza, ►nitrogen fixation, 
►mutualism, ► Piriformospora indica; Bermudes D, 
Margulis L 1987 Symbiosis 4:185; Currie CR 2001 
Annu Rev Microbiol 55:357; mutualistic symbiosis 
among insects, bacteria and viruses: Moran NA et al 
2005 Proc Natl Acad Sci USA 102:16919. 

Symbionts, Hereditary: Occur in a wide range of 
eukaryotic organisms and their maternal transmission 
simulates extranuclear inheritance. They may be 
more wide spread than recognized. The temperate 
viruses of prokaryotes and the retroviruses may also 
be classified along these groups. In some strains of 
the unicellular protozoa, Paramecium aurelia, carry¬ 
ing the K gene, bacteria (e.g., Caedobacter taenos- 
piralis) live in the cytoplasm and is transmitted to the 
progeny. The first such infectious particles were 
named kappa (k) particles before their bacterial nature 
was recognized, and were supposed to be normal 
extranuclear, hereditary elements. Many of these 
kappa particles contain R (refractive) bodies that are 
bacteriophages. The k particles with R bodies appear 
“bright” under the phase-contrast microscope. The 
non-bright cells may give rise to bright, indicating 
that the phages are in the free and infectious stage and 
the brights are in the integrated, pro viral stage. The 
virus directs the synthesis of toxic protein ribbons that 
are responsible for killing kappa-free paramecia (kk). 
The strains carrying the dominant K gene are immune 
to the toxin. Other strains have been discovered 
carrying different infectious particles lambda, sigma, 
mu that also make toxins. The mu particles do not 
liberate free toxin and kill only the cells with which 
they mate (mate killer). Other symbionts delta, nu and 
alpha are not killer symbionts. 

In Drosophila strains Rhabdovirus a may be in the 
cytoplasm and responsible for C0 2 -sensitivity. Nor¬ 
mal flies can be anesthetized with the gas for shorter 
periods without any harm. Those, which carry the 
virus may be paralyzed and killed by the same gas 
treatment. This virus is similar to the vesicular 
stomatitis virus of horses that cause fever, eruptions 
and inflammation in the mouth of horses, and to the 
fish rhabdovirus. In the non-stabilized strains, only 
the females transmit the virus to part of the progeny 
(depending on whether a particular egg does or does 
not contain the virus). Some of the non-stabilized 
may become stabilized. Stabilized strains transmit it 
through nearly 100% of the eggs and even some of 
the males transmit a with some of the sperm yet the 
offspring of the male will not become stabilized. The 
ref mutants in chromosomes 1, 2 and 3 are refractory 
to infection. In some strains, there are mutants of the 
virus that are either temperature-sensitive or consti- 
tutively unable to cause C02 sensitivity although 


they are transmissible. Different ribosomal picoma- 
viruses can be harbored in Drosophila that may 
reduce the life and fertility of the infected females. 
Females with the sex ratio (SR) condition produce no 
viable sons and the transmission is only maternal. In 
their hemolymph (internal nutrient fluids) the females 
carry spiroplasmas, bacteria without cell wall. If the 
infection is limited to the XX sector of gynanders, 
they may survive but not if the infection is in the XO 
sector. Triploid intersexes or females, phenotypically 
sterile males because of the genes tra (< transformer , 
chromosome 3-45), ix {intersex gene located at 

2- 60.5) or dsx (< double-sex , intersexes, chromosome 

3- 48.1) are not killed. Their special viruses may 
destroy the spiroplasmas. In plants (petunia, sugar 
beet), cytoplasmically inherited male sterility can also 
be transmitted by grafting. Some of the variegated 
tulips (broken tulips) are infected by viruses and had 
special ornamental value. During the seventeenth 
and eighteenth century “tulip mania,” some rich 
Europeans paid the mainly Turkish and Persian 
merchants for the bulbs of the most attractive 
varieties, in equal weights in gold, ►lysogeny, 

► cytoplasmic male sterility, ►extranuclear inheri¬ 
tance, ► Drosophila , ►aphids, ►meiotic drive, 

► segregation distorter, ►broken tulips, ►sex deter¬ 
mination, ► Wolbachia , ► Spirochetes, ► Paramecia , 

► endosymbiont theory, ►pathogenicity island; Preer 
JR 1975 Symp Soc Exp Biol 29:125; Ehrman L, 
Daniels S 1975 Aust J Biol Sci 28:133; review of 
bacterial symbionts: Dale C, Moran NA 2006 Cell 
126:453. 

Symbiosis: ►symbiont 

Symbiosome: In legume root nodules 2 to 5 pm 
structures enclosing (by peribacteroid membrane) 
2 to 10 bacteroids. The fixed nitrogen is released 
through this membrane to the plant and reduced 
carbon is received by the bacteroids from the plant, 
►nitrogen fixation 

Symbols: ►gene symbols, ► Drosophila , ►pedigree 
analysis 

Symmetric Heteroduplex DNA: ►Meselson-Radding 
model of recombination 

Symmetry: ►axis of asymmetry, ►asymmetric cell 
division, ►bilateral symmetry, ►left-right asymme¬ 
try, ►retinoic acid 

Sympathetic Nervous System: Communicates with the 
central nervous system (CNS, brain) through the 
thoracic and lumbar parts of the spinal cord, controls 
the blood vessels in the various organs, and the 
involuntary movements (reflexes) of the body. 
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Sympatric: Populations have overlapping habitats; it 
may be a beginning of speciation. ►speciation 

Sympatric Speciation: Species that live in the same, 
shared area, for some reason become sexually 
isolated. This is a relatively rare phenomenon because 
most commonly geographical isolation is the major 
factor in speciation. ►allopatric, ►parapatric; palm 
trees: Savolainen V et al 2006 Nature [Lond] 
441:210; cichlid fish: Barluenga M et al 2006 Nature 
[Lond] 439:719. 

Sympetaly: Fused petals in a flower, see e.g., ►snap¬ 
dragon 

Symphalangism, Proximal: Fusion of the carpal and 
tarsal bones (SYM1, 17q22) caused by a defect in the 
noggin protein, ►noggin, ►bone diseases 

Symplast: Multinucleate giant cell. 

Symplastic Domain: A regulatory (supracellular) unit of 
several cells within the body. 

Symplekin: A CPEB and CPSF binding protein 
scaffold, essential for cytoplasmic polyadenylation 
of mRNA in connection with xGLD-2 poly(A) 
polymerase, ►polyadenylation signal; Barnard DC 
et al 2004 Cell 119:641. 

Symplesiomorphic: Two or more species sharing a 
primitive evolutionary trait, ►plesiomorphic, ► apo- 
morphic, ► synapomorphic 

Symport: Co-transportation of different molecules 
through membranes in the same direction. 

SYN: A prefix indicating union of tissues named after. 

SYN: ►ANTI 
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Figure S146. Synaps 

The neurotransmitter may diffuse across the synaps 
or the electric signal may be relayed from one 
cytoplasm to the other through a gap junction. The 
neurons must interpret the postsynaptic potentials 
(PSP) and integrate the excitatory (EPSP) and 
inhibitory (IPSP) paired pulse potentials. The leuko¬ 
cyte common antigen related (LAR) protein, liprin 
(encoded by gene syd-2 in Caenorhabditis ), regulates 
the differentiation of the presynaptic vessels. 
This protein has tyrosine phosphatase activity. 
Mitochondria normally accumulate close to the site 
of synaps and their movement is controlled by Miro 
mitochondrial GTPase (Verstreken P et al 2005 
Neuron 47:365; Guo X et al 2005 Neuron 47:379). 
►neurotransmitters, ►tyrosine phosphatase, ►gap 
junction, ►memory, ►ionotropic receptor, ►metabo¬ 
tropic receptor, ►neuregulin, ►heregulin, ►synaptic 
scaling, ► Dscam , ►NMDA; ZivNE 2001 Neurosci¬ 
entist 7(5):365; 2002 Science 298:770-791; Yamada 
S, Nelson WJ 2007 Annu Rev Biochem 76:267; 
http ://syndb .cbi.pku. edu. cn. 


Synaesthesia: Involuntary physical experience of a 
cross-modal linkage, e.g., hearing a tone (an 
inductive stimulus) and seeing a color or perception 
of smell or taste (Beeli G et al 2005 Nature [Lond] 
434:38). 

Synapomorphic: Species sharing an apomorphic trait. 
► apomorphic, ►plesiomorphic, ►symplesiomorphic 

Synapomorphy: Shared derived characters that can be 
used to advance phylogenetic hypotheses, ►simple- 
siomorphy; Venkatesh B et al 2001 Proc Natl Acad 
Sci USA 98:11382. 

Synaps (synapse): The site of connection between 
neural termini at which either a chemical or an electric 
signal is transmitted from one neuron to another (or to 
another type of cell) (see Fig. SI 46). Neurotransmit¬ 
ter release occurs at the presynaptic active zones and 
at postsynaptic densities. There is now evidence that 
extrasynaptic (ectopic) transmission also occurs 
(Coggan JS et al 2005 Science 309:446). 


Synapse, Immunological: The adhesion (gap) between 
the T lymphocyte receptor and the antigen presenting 
cell carrying the MHC—antigen complex or the killer 
cell inhibitory molecules and the special T cell 
receptor. Cytotoxic killer cells destroy virus-infected 
and tumorigenic cells by delivering secretory lyso- 
some granules to the synaptic targets. The delivery is 
mediated by transient contact of the centra some and 
plasma membrane and it is driven by the reorganiza¬ 
tion of the actin cytoskeleton (Stinchcombe JC et al 
2006 Nature [Lond] 443:462). ►T cell, ►MHC, 
►killer cell; Khan AA et al 2001 Science 292:1681; 
Bromley SF et al 2001 Annu Rev Immunol 19:375. 

Synapse, Informational: A specialized cell-cell junction 
mediating chemical or electric communication and 
displays a supramolecular structure to mediate 
information transfer between cells. (See Dustin ML 
et al 2001 Annu Rev Cell Dev Biol 17:133). 



1910 Synapsins 


Synapsins: Bind to actin filaments, microtubules, 
annexing, SH3 domains, calmodulins and important 
regulators of synaptic vesicles, ►actin, ►annexin, 
► SH3, ►calmodulin, ►synaptic vesicles, ►synaps 

Synapsis: Intimate chromosome pairing during meiosis 
between homologous chromosomes that may lead to 
crossing over and recombination (see Fig. S147). In 
some instances, non-homologous chromosomes or 
chromosomal regions may also associate. Protein- 
mediated synapsis involves recombination facilitated 
by integrases. Unpaired DNA causes meiotic silenc¬ 
ing in Neurospora (Shiu PK et al 2001 Cell 107:905). 
Similarly in mouse in unsynapsed chromosomes the 
tumor suppressor BRCA1 and the kinase ATR co¬ 
localize to meiotic nodules (recombination nodules) 
and apparently because of the lack of phosphoryla¬ 
tion of H2AX histone associated with the X and Y 
chromosomes asynapsis, sterility and apoptosis 
results (Turner JMA et al 2005 Nature Genet 37: 41). 
►pairing, ►illegitimate pairing, ►meiosis, ►cross¬ 
ing over, ► synaptonemal complex, ►ras, ►topologi¬ 
cal filter, ►tracking, ►integrase, ►asynapsis, 
►histone variants, ►breast cancer, ►recombination 
nodule, ►ATR; McClintock B 1930 Proc Natl Acad 
Sci USA 16:791; Romanienko PJ, Camerini-Otero 
RD 2000 Mol Cell 6:975; Baudat F et al 2000 Mol 
Cell 6:989; minireview: McKim KS 2005 Cell 
123:989. 



Figure S147. Synapsed homologous chromosomes 
(2 pairs) 

Synapsis, Bimolecular: Occurs between complementary 
ends of different/separate transposable elements, 
►transposable elements 

Synaptic Adjustment: The degree of synapsis may 
change during meiosis in certain chromosomal 
regions, ►synapsis 

Synaptic Cleft: Electric neuronal signals are transmitted 
from the presynaptic cell to the postsynaptic cell by 
the gap called the synaptic cleft, ►neuron, ►synap- 
tosome 

Synaptic Scaling: A bidirectional phenomenon in which 
excitatory synapses scale up in response to activity 


reduction but scale down in response to increases in 
activity of neurons. Synaptic scaling is mediated by 
the pro-inflammatory cytokine, tumor-necrosis fac- 
tor-a (TNF-a) of the glia, ►neuron, ►glia, ►synaps, 

► TNF; Stellwagen D, Malenka RC 2006 Nature 
[Lond] 440:1054. 

Synaptic Vesicles: Originate from endosomes, and store 
and release the neurotransmitters and other molecules 
required for signal transmission between nerve and 
target cells. Ca 2+ regulates their function, ►neuro¬ 
transmitters, ► syntaxin, ►RAB, ►synaptotagmins, 

► synaptophysin, ►NSF, ►neuromodulin, ►neuro¬ 
genesis; Cousin MA, Robinson PJ 2001 Trends 
Neurosci 24:659. 

Synaptinemal Complex: ►synaptonemal complex 

Synaptobrevins (VAMP): ►syntaxin, ►SNARE 

Synaptogamins: Integral membrane proteins, binding 
calcium and interacting with other membrane pro¬ 
teins in the synaptic vessels of the nerves. Synapto¬ 
gamins may interact with the different types of Ptdlns 
and Ca 2+ . ►neurexin, ►botulin, ►synaptic vesicles, 

► SNARE, ►phosphoinositides, ►clathrin, ►Ipkl; 
Li C et al 1995 Nature [Lond] 375:594; Siidhof TC 
2002 J Biol Chem 277:7629. 

Synaptogyrin: Membrane proteins; may be phosphory- 
lated on tyrosine. (See Zhao H, Nonet ML 2001 Mol 
Biol Cell 12:2275). 

Synaptojanin: A neuron-specific phosphatase (M r 
145,000) working on phosphatidylinositol and in¬ 
ositols and its putative role is in the recycling of 
synaptic vesicles. Its defect is responsible for Lowe’s 
oculocerebrorenal syndrome. It binds to the SH3 
domain of Grb2. ► synaptotagmin, ►syntaxin, 

► Lowe’s oculocerebrorenal syndrome, ►Grb2, ►dy- 
namin; Khvotchev M, Siidhof TC 1998 J Biol Chem 
273:2306; Ha SA et al 2001 Mol Biol Cell 12:3175. 

Synapton: same as synaptonemal complex. 

Synaptonemal Complex: Proteinacious element be¬ 
tween paired chromosomes in meiosis. In yeast— 
analyzed by green fluorescent protein labeling—the 
complex is initiated at zygotene and by pachytene 
it forms a ribbon-like structure. At diplotene the 
complex falls apart yet the association of the 
homologs continues because of the mature chiasmata 
(White E et al 2004 Genetics 167:51). They consist of 
two lateral and a central element (see Fig. SI 48). 
Denser spots within it are called recombination 
nodules and were supposed to have a role in genetic 
recombination. It is supposed that the complex holds 
in place the recombination intermediates rather than 
actively promoting the process. Actually, in some 
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fungi (Saccharo myces , Aspergillus ) no synaptonemal 
complex is observed and concomitantly chromosome 
interference is absent. These observations led to the 
assumption that the complex is responsible for 
interference rather than recombination. 




Figure S148. The tripartite structure may be visible 
from interphase through diplotene. (Electronmicrogph 
by the courtesy of Dr. H.A. McQuade. Interpretative 
drawing after Comings DE, Okada TA 1970 Nature 
[Lond] 227:451) 

Actually, recombination may precede the formation 
of the synaptonemal complex, thus, the role of the 
complex in interference may be questionable. In 
Drosophila, synaptonemal complex may be formed 
in the absence of meiotic recombination (crossing 
over or gene conversion), however, in the male 
flies both the synaptonemal complex and meiotic 
recombination are absent yet mitotic recombination 
may be observed. 

► synapsis, ►meiosis, ►interference, ►recombina¬ 
tion mechanism eukaryotes, ►association site, ►re¬ 
combination nodule, ►single-end invasion, 

► crossing over, ►mitotic crossing over, ►male 
recombination; Westergaard M, von Wettstein D 
1972 Annu Rev Genet 6:71; Schmekel K et al 1993 
Chromosoma 102:669; Solari AJ 1998 Methods Cell 
Biol 53:235; Heng HH et al 2001 Genome 44:293; 
Page SL, Hawley RS 2004 Annu Rev Dev Biol 
20:525; Lynn A et al 2002 Science 296:2222. 

Synaptophysin: Membrane-spanning proteins in the 
synaptic vessel involved in neurotransmitter release. 

► synaptic vessel, ►neurotransmitter, ►ceroid lipo¬ 
fuscinosis 

Synaptosome: The protein complex mediating interac¬ 
tions among neurotransmitters and receptors across 
the synaptic cleft, ►neurotransmitter; Husi H, 
Grant SG 2001 Trends Neurosci 24:259. 


Synaptotagmins: Proteins in the synaptic vesicles and 
have a role in Ca 2+ -involved release of neurotrans¬ 
mitters, and in general in exo- and endocytosis. 
Exocytosis of synaptic vesicles is controlled by 
complexin and synaptotagmin (Tang J et al 2006 
Cell 126:1175). ►synaptojanin, ►syntaxin, ►com¬ 
plexin, ► synapse, ►SNARE; Femandez-Chacon R 
et al 2001 Nature [Lond] 410:41; Hui E et al 2005 
Proc Natl Acad Sci USA 102:5210. 

Synchronous Divisions: The cells are at the same stage 
of the cell cycle. 

Synchrotron: Radiation emitted by high-energy, high¬ 
speed electrons accelerated in magnetic fields. The 
range varies from infrared to hard X-rays. Their high 
energy permits to study their effects also in 
monochromatic forms, ►ionizing radiation; http:// 
www. srs. ac.uk/srs/. 

Synclinal: ►anticlinal 

Syncytial Blastoderm: An early stage of embryogenesis 
when the single layer of nucleated cytoplasmic 
aggregates do not yet have a cell membrane, 
►blastoderm 

Syncytium: A collection of nuclei surrounded by 
cytoplasm without the formation of separate mem¬ 
branes around each, such as in early embryogenesis or 
among the progeny of a single spermatogonium or 
abnormal multinucleate cells or the plasmodia of slime 
molds, ►imaginal discs, ►blastoderm, ►Dictyostelium 

Syndactyly: Webbing or fusion between fingers and toes 
(see Fig. S149). In polysyndactyly, mutation in the 
polyalanine extension of the amino terminal of human 
homeotic gene (HOX13) is the responsible factor. 
Syndactyly 1 was located to 2q34-q36. ►Poland 
syndrome, ►limb defects, ►Rubinstein-Taybi syn¬ 
drome, ► Greig’s cephalopoly syndactyly, ►GLI3 
oncogene, ►homeotic genes, ►poly syndactyly, 

►Pallister-Hall syndrome, ►Guttmacher syndrome; 
Bosse K et al 2000 Am J Hum Genet 67:492. 



Figure S149. Syndactyly 

Syndecans: Heparan sulfate proteoglycans, membrane- 
spanning cell adhesion molecules and co-factor 
receptors bearing heparan sulphate proteoglycans 
distal from the plasma membrane. Syndecan pro¬ 
motes over-eating and obesity in mice. Syndecan-1 
opposes the effect of the melanocyte-stimulating 
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hormone. Syndecan-1, -2, -3, -4 are encoded in human 
chromosome 2p23-p24, 8q23, Ip32-p36 and 20ql2- 
ql3, respectively. ►CAM, ►selectin, ►heparan 
sulphate, ►glypican, ►obesity, ►melanocyte-stimu¬ 
lating hormone; Reizes O et al 2001 Cell 106:105; 
Couchman JR 2003 Nature Rev Mol Cell Biol 4:926. 

Syndrome: A collection of symptoms, traits caused by a 
particular genetic constitution. In humans, there are 
about 2000 syndromes determined mainly by single 
genes. The individual symptoms of different syn¬ 
dromes, however, may overlap among a large number 
of genetic and non-genetic disorders. Therefore, the 
precise identification is often an extremely difficult 
task. More accurate identification will probably be 
possible when the genome projects will provide 
structural and topological evidence for all the loci 
concerned. The unknown genesis syndromes usually 
occur sporadically yet they may have genetic bases. 

► genome projects, ►association, ►non-syndromic, 
►physicalmapping, ►microarray, ►epistasis; Brunner 
HG et al 2004 Nature Rev Genet 5:545; human medical 
databases: http://www.lmdatabases.com/. 

Synergids: Two haploid cells in the embryosac of plants 
flanking the egg. The pollen tube first penetrates one 
of the synergides, after the rupture of that synergid 
and rupture of the pollen tube the tube elongation is 
arrested, and the vegetative and the sperm nuclei 
fertilize the polar nuclei and the egg nucleus, 
respectively. The FER gene of Arabidopsis thaliana 
encodes a synergid-expressed, plasma membrane- 
localized, receptor-like kinase. The FER protein 
accumulates asymmetrically in the synergid mem¬ 
brane at the filiform apparatus. Interspecific crosses 
using pollen from Arabidopsis lyrata and Cardamine 
flexuosa on A. thaliana stigmas resulted in a fer-likQ 
phenotype that correlates with sequence divergence 
in the extracellular domain of FER. Our findings 
show that the female control of pollen tube reception 
is based on a FTs^-dependent signaling pathway, 
which may play a role in reproductive isolation 
barriers (Escobar-Restrepo J-M et al 2007 Science 
317:656). ►gametogenesis, ►gametophyte, ►pollen 
tube; Higashiyama T et al 2001 Science 293:1480. 

Synergistic Action: The participating elements enhance 
the reaction above the sum of the separate strength 
of their separate actions, ►interaction variance, 

► epistasis 

Synexpression Groups: Genes that are expressed 
together either spatially, temporally or developmen- 
tally. Their identification is facilitated by microarray 
hybridization. These groups do not need to be 
genetically linked and therefore are different from 
gene clusters or operons of prokaryotes that are linked, 
►macroarray analysis, ►microarray hybridization, 


► operon, ►clustering of genes; Nirehrs C, Pollet N 
1999 Nature [Lond] 402:483. 

Syngamy: The union of two gametes in fertilization 
leading potentially to the fusion of the two nuclei in 
the cell, ►plasmogamy, ►karyogamy, ►synkaryon, 

► semigamy 

Syngen: A reproductively isolated group of ciliates. 

Syngeneic: Antigenically similar type cells (in a 
chimera), ►antigen, ►immunoglobulins 

Synkaryon: A cell (zygote, fused conidia or spores) with 
a nucleus originated by the union of two nuclei, 
►karyogamy, ►heterokaryon, ►dikaryon 

Synonymous Codons: These have different bases in the 
triplet yet they specify the same amino acids. The 61 
sense codons stand for 20 common amino acids. 
Some amino acids have up to 6 codons. Thus, 
mutation may not have any genetic consequence, 
except when exon splice site is involved. A synony¬ 
mous single nucleotide polymorphism (SNP) in the 
Multidrug Resistance 1 (MDRl ) gene, leads to altered 
function of the MDRl gene product P-glycoprotein 
(P-gp) and results in altered drug and inhibitor 
interactions. Although the mRNA and protein levels 
are similar, conformation was altered. Supposedly, 
the presence of a rare codon affects the timing of 
cotranslational folding and insertion of P-gp into the 
membrane, thereby altering the structure of substrate 
and inhibitor interaction sites (Kimchy-Sarfaty C et al 
207 Science 315:525). Some bases may affect the 
intensity of translation. In functional areas of the 
genome, synonymous substitutions are more common 
than non-synonymous ones. Purifying selection usual¬ 
ly eliminates the deleterious non-synonymous muta¬ 
tions. Slightly deleterious non-synonymous 

substitutions can be maintained in bacterial populations 
with high effective population size (Hughes AL 2005 
Genetics 169:533). ►genetic code, ►splicing, ►exon, 

► intron, ►non-synonymous codon, ►radical amino 
acid substitution, ►effective population size, ►Gran¬ 
tham’s rule 

Synostosis: Bone fusion, ►noggin 

Synovial Sarcoma: ►SYT 

Synpolydactyly: ►polydactyly, ►poly syndactyly, 

► syndactyly 

Syntax: Sentence structure; organization of groups of 
words, phrases and clauses in the correct manner. The 
term is also used by computerized information retrieval. 

Syntaxin: A synaptic membrane protein forming part 
of the nerve synaptic core complex along with the 
synaptosome associated protein and synaptobrevin 
(VAMP), a vesicle associated membrane protein. 
Omega-3 and omega-6 fatty acids act on syntaxin and 
stimulate membrane expansion (Darios F, Davletov B 
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2006Nature [Lond] 440:813). Syntaxins are involved 
in vesicular transport between the endoplasmic 
reticulum and the Golgi apparatus as target mem¬ 
brane receptors. Syntaxin-5 is an integral part of the 
endoplasmic reticulum-derived transport vesicles. A 
synaptobrevin-like gene (SYBL1) was located to the 
pseudoautosomal region of the human X chromo¬ 
some. It recombines with Y-chromosomal homolog, 
displays lyonization in the X chromosome, and is 
inactivated in the Y chromosome. A score of syntaxins 
have been identified in humans encoded at chromo¬ 
somes 7ql 1.2, 17pl2, 16pl 1.2, etc. ►synaptotagmin, 

► SNARE, ►synaps, ►endoplasmic reticulum, ►Gol¬ 
gi apparatus, ►pseudoautosomalregion, ►lyonization, 
►Munc, ►cystic fibrosis, ►stoma, ►omega-3 fatty 
acids; Bennett MK et al 1992 Science 257:255; 
Mullock BM et al 2000 Mol Biol Cell 11:3137. 

Syntelic Distribution: The kinetochores of the two sister 
chromatids are attached to spindle fibers that pull 
them to the same pole during mitotic anaphase. 

Syntenic Genes: Within the same chromosome; they 
may, however, freely recombine if they are 50 or 
more map units apart. Gene blocks may display 
synteny among related taxonomic entities even when 
their chromosome number varies. Syntenic gene sets 
may provide information on phylogeny of the 
species, ►linkage, ►crossing over 

Syntenin: 32 kDa adaptor protein with two PDZ domains 
involved in cytoskeleton-membrane organization. 
►PDZ, ►IL-5; Zimmermann P et al 2001 Mol Biol 
Cell 12:339; Cierpicki T et al 2005 Structure 13:319. 

Synthases: Mediate condensation reactions of mole¬ 
cules without ATP. ► synthetases 

Synthetases: Mediate condensation reactions that 
require nucleoside triphosphates as energy source. 

► synthases 

Synthetic Biology: A new area of science aiming 
either to introduce new (synthetic) molecules into 
existing organisms, or interchange existing molecules 
between organisms or chemically synthesizes new 
systems from known compounds, e.g., create syn¬ 
thetic viruses on the basis of the genetic code. This 
field includes from de novo organic synthesis, to 
genetic engineering, stem cell research, etc. Networks 
have been designed from natural transcription factors 
and binding sites. Its aims include creation of toggle 
switches, cellular oscillators, new forms of cell-to- 
cell communications and cell pattern formation. 
A beautiful paper reports the duplication and parallel 
modifications of the 16S prokaryotic ribosomal RNA 
(the anti-Shine-Dalgamo sequence, CCUCC) and the 
Shine-Dalgamo sequence (GGAGG) of the mRNA. 
The new ribosome may or may not function anymore 


as the original one; the modified ribosome however 
can translate the modified mRNA. Through muta¬ 
tions in both the ribosomes and in the mRNA, various 
combinations of enormous variety of potential 
functions can be established and tried (Rackham O, 
Chin JW 2005 Nature Chem Biol 1:159). 

Although this type of research can generate altered 
or new organisms that may pose unknown hazards, 
the potential advantages for agriculture and medicine 
outweigh the risks, ►genetic engineering, ►stem 
cells, ►synthetic genes, ►gene circuits, ►synthetic 
virus, ►influenza virus, ►protein engineering, ►os¬ 
cillators; Benner SA, Sismour AM 2005 Nature Rev 
Genet 6:533; http://syntheticbiology.org. 

Synthetic DNA Probes: If the amino acid sequence in the 
protein is known but the gene was not yet isolated, a 
family of synthetic probes may be generated to tag the 
desired gene. This probe is generally no longer than 
20 base because of the difficulties involved in their 
synthesis. The genetic code dictionary reveals which 
triplets spell the amino acids. An amino 
acid sequence that uses few synonymous codons is 
selected. A computer match generally chooses the 
possible combinations. E.g., a probe for the His-Thr- 
Met peptide sequence would require the following 
8 polynucleotide sequences to consider all possible 
sequences for a probe (see Fig. SI 50). The inclusion 
of Methionine (having a single codon) is simplifying 
the task. Histidine is relatively advantageous because 
it has only two synonymous codons. Threonine with 
four codons make the work more difficult; leucine, 
serine and arginine containing parts of the proteins 
should be avoided (because they have six codons) 
but tryptophan, also with a single codon would be 
highly desired. Insertion of ambiguous deoxyinosine 
nucleotides at some positions may facilitate the 
design of probes, ►probe, ►functional cloning, 
► gene isolation; Ohtsuka E et al 1985 J Biol Chem 
260:2605; Lichtenstein AVet al 2001 Nucleic Acids 
Res 29(17):E90. 

His Thr Met 

5' CACACUAUG 3' 

CACACCAUG 

CACACAAUG 

CACACGAUG 

CAUACUAUG 

CAUACCAUG 

CAUACAAUG 

CAUACGAUG 

Figure SI 50. Synthetic probe 

Synthetic Enhancement: Basically an epistatic process 
by increasing or reducing interaction between gene 
products by using crossing, knockouts, transforma¬ 
tion, etc. 
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Synthetic Genes: Produced in vitro by the methods of 
organic chemistry, by systematic ligation of synthetic 
oligonucleotides into functional units, including up¬ 
stream and downstream essential elements. The first 
successful synthesis involved the relatively short 
tyrosine suppressor tRNA gene. By 2007, more than 
three-dozen commercial enterprises can provide syn¬ 
thetic genetic sequences worldwide. These synthetic 
genetic elements can be used to modify genomes and 
create new biological functions for the benefit and 
for the hazards to human societies (http://www. 
etcgroup. org/upload/publication/602/01/synbioreport 
web .pdf), ►suppressor tRNA, ►poliovims, see 
Fig. S15 1, ►synthetic virus, ►Mycoplasma genita- 
lium , ► synthetic biology; synthetic genes for optimal 
protein expression: http://www.evolvingcode.net/co 
don/sgdb/index.php; sequence comparison tool: 
http://www.evolvingcode.net/codon/sgdb/aligner.php; 
synthetic gene browser: http://www.evolvingcode.net/ 
codon/sgdb/browse.php; new data submission: http:// 
www. evolvingcode .net/codorf sgdb/submit.php. 

Synthetic Genetic Array: Determines the functional 
relation between two genetic sites. 

A particular gene is crossed to a large number of 
different deletions. If the double mutants are inviable, 


the functional relationship of the two is revealed. 
On this basis, network maps can be constructed (see 
Fig. SI 52). ►genetic network, ►small-world net¬ 
work; Tong AHY et al 2001 Science 294:2364; 
Tong AHY et al 2004 Science 303:808. 



Figure SI52. Synthetic genetic array. The hypothetical 
query gene (gene A) in the center (red) is connected to 
nodes representing color-coded functions according to 
their fitness in synthetic combination. The chart also 
shows some interactions among pairs of synthetic lethals. 
(Modified after Tong AHY et al 2004 Science 303:808) 
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Figure SI51. The complete (including promoter and terminator) synthetic structural gene of the tyrosine suppressor 
tRNA of E. coli. The projections along the sequence bracket the size of the fragments ligated together to form the complete 
gene. The gene when transformed into bacteria actually worked. (Redrawn after Khorana HG 1974. Proc. Int. Symp. 
Macromol. p. 371, Mano EB., ed. Elsevier, Amsterdam: NL and Macaya G, ed. 1976. Recherche (Paris) 7: 1080.) 
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Synhthetic Genetic Networks: Constructs to simplify the 
understanding of regulated gene complexes. It is 
based on tools of nonlinear dynamics, statistical 
physics and molecular biology, ►genetic networks; 
McMillen D et al 2002 Proc Natl Acad Sci USA 
99:679. 

Synthetic Genomes: ►synthetic virus, ► Mycoplasma 
genitalium , ►potentials of functional; synthetic 
microbial genomes: Holt RA et al 2007 Bio Assays 
29:580. 

Synthetic Lethal (synthetic enhancement): Gene is 
inviable only in certain genetic constitutions. Thus, 
two single mutations have no or insignificant pheno¬ 
typic consequence separately but the double mutant 
may be lethal. In yeast, only ~1000 of the genes are 
essential and 5000 are viable even when deleted. The 
synthetic lethals cells include more than one defective 
gene. Partners in synthetic lethal systems can be 
essential as well as non-essential genes. In gene 
networks, at least one of the genes must be essential 
although most of the non-essential genes can compen¬ 
sate for each other. Synthetic lethals may be involved in 
inbreeding depression and may be the cause of some 
hybrid inviabilities and sterility. A synthetic lethal test 
may be used in anticancer dmg design by combining 
two different mutations that in combination, seriously 
impair cells to gain information on how to kill cancer 
cells, ►inbreeding, ►synthetic genetic array, ►syn¬ 
thetic genetic networks, ► Saccharomyces cerevisiae; 
Jacobson MD et al 2001 Genetics 159:17; Davierwala 
AP 2005 Nature Genet 37:1147. 

Synthetic Organisms: ►synthetic biology 

Synthetic Polynucleotides: Nucleic acid oligomers or 
polymers generated in the laboratory by enzymatic or 
other synthetic methods. Nucleic acid synthesizer 
machines produce some of them. (See Benner SA 
et al 1998 Pure Appl Chem 70:263). 

Synthetic Seed: Somatic embryos encapsulated into a 
protective capsule (e.g., calcium alginate) and used 
for propagation in cases when regular seed is not 
available or homozygotes are difficult to obtain. 
► artificial seed 

Synthetic Species: Amphidiploids of presumed pro¬ 
genitors of existing species obtained by crossing and 
diploidization. Some synthetic species have never 
existed in nature before as the Raphanobrassica , 
2n = 36, an amphidiploid of radish {Raphanus 
sativus, n = 9) and cabbage ( Brassica oleracia , 
n = 9) (see Fig. SI 53). Triticales are similarly new 
amphidiploids either 2n = 48 or 2n = 56, obtained 
by crossing tetraploid (2n = 28) or hexaploid 
(2n = 42) wheat ( Triticum ) with diploid rye (Secale 
cereale , 2n = 14). Some synthetic species are only 


reconstructions of the evolutionary form, e.g., 
Nicotiana tabacum, Hylandra suecica , Primula 
kewensis , etc. The entire Mycoplasma genome of 
one species has been transferred intact to another and 
entirely replaced that of the recipient, creating a new 
species, ►alien substitution, ►amphiploid, ► Myco¬ 
plasma , ^Triticale; Raphanobrassica: Karpetchenko 
GD 1928 Z Indukt Abstammungs Vererbungsl 48:1. 

Cabbage 

Brassica oleracia, 2n = 18 

r 7- — ■ - r-= —x. 


Raphanobrassica, 2n = 36 



Radish 

Raphanus sativus, 2n = 18 



Figure SI 53. Synthetic Raphanobrassica 


Synthetic Variety: Composed of several selected lines, 
which may reproduce by out-crossing within the 
group, ►polycross 

Synthetic Vector: ►liposome 

Synthetic Virus: The functional RNA poliovirus and 
the single-stranded DNA virus 4>X174 have been 
assembled from synthetic oligonucleotides and the 
technology is already available to generate cellular 
genomes within the laboratory, ►polio virus, 
► <j)X174, ►influenza virus; Smith HO et al 2003 
Proc Natl Acad Sci USA 100:15440. 

Synthon: A synthetically produced molecule, in the 
laboratory. 

Syntrophic: Can be maintained (only) by cross-feeding. 
Based on cross-feeding metabolic pathways of 
microorganisms could be identified on culture media. 
In a metabolic pathway A —> B —> C—> D mutation 
blocked before D may cross-feed mutants blocked 
before C and B. Mutation blocked before C may 
facilitate the growth of mutants inactive in step B, and 
so on. A syntrophic hypothesis is that the mitochon¬ 
dria of eukaryotes evolved by the fusion of an 
achaeon, a 5-proteobacterium and an a-proteobacter- 
ium. ►cross-feeding, ►channeling 

Synuclein (a-synuclein, 4q21): A 140-amino acid 
protein in the presynaptic neurons, a major constitu¬ 
ent of the Lewy bodies. All synucleins display 
imperfect KTKEGV amino acid motifs and a variable 
C-terminus. Synucleins are phosphorylated at Ser and 
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Tyr tail residues and this reduces aggregation. 
Hydrophobic residues 71-82 promote aggregation, 
a-synuclein promotes the fibrillization of tau in 
neurodegenerative diseases (Giasson BI et al 2003 
Science 300:636). A truncated a-synuclein accumu¬ 
lates in the neuronal cells and promotes Parkinson 
disease (Li W et al 2005 Proc Natl Acad Sci USA 
102:2162). It interacts with synphilin-1 for normal 
function. In the oxidized or nitrated forms synuclein 
aggregates and may cause the synucleinopthies such 
as Parkinson disease, Alzheimer disease, amyo¬ 
trophic lateral sclerosis and Huntington disease. In 
the majority of cases of sporadic Parkinson disease 
(PD) several mutant genes have been identified. The 
principal genes that cause (PD) are alpha-synuclein, 
parkin, leucine-rich repeat kinase 2 and PTEN- 
induced putative kinase 1 (Wood-Kaczmar A et al 
2006 Trends Mol Med 12:521). Beta synuclein gene, 
also expressed in the brain in Alzheimer disease, 
was assigned to 5q35, gamma synuclein/persyn (in 
breast cancer) to 10q23.2-q23.3. ►Lewy body, 
►neurodegenerative diseases, ►Parkinson disease, 
► alcoholism, ►PTEN; Touchman JW et al 2001 
Genome Res 11:78; Shimura H et al 2001 Science 
293:263; Cuervo AM et al 2004 Science 305:1292. 

SYP: A tyrosine phosphatase. 

Syphilis: ► Treponema pallidum 

Sypro Ruby: A sensitive protein stain used in 
2-dimensional gel electrophoresis. 

Syringa: ►lilac 

Syringe Filter: A syringe equipped with a commercially 
available sterilizing filter block (0.45 or 0.20 pm 
pores) and removes microbial contaminations in¬ 
stantly without heating (see Fig. SI 54). 


Figure SI54. Syringe filter 

Syringomelia: A rare autosomal dominant or autosomal 
recessive cavitations (formation of cavities) in the 
spinal cord. It may be also due non-hereditary causes. 

System Biology: Biological phenomena can be fully 
understood only by learning their complex interacting 
networks. (Kitano H 2002 Curr Genet 41:1). 


Systematic Error: The same bias affects all measure¬ 
ments or observations. 

Systematics: A method of classification such as 
taxonomy. Carl Linne (Linnaeus) Swedish botanist 
(1707-1778) initiated the classification and binomial 
nomenclature of organisms. 

Systemic: Affects the entire cell or the entire body of an 
organism. 

Systemic Acquired Resistance: ►SAR 

Systemic Amyloidosis, Inherited: An extracellular 
deposition of fibrous proteins in the connective 
tissues under autosomal dominant control, ►amy¬ 
loidosis 

Systemic Genes: Cell autonomous versus genes, 
regulated by intercellular communication. 

Systemin: An 18-amino acid signaling peptide for 
plant defense mechanisms, ►plant defense, ►host- 
pathogen relation 

Systemoid: Similar to a system, alternatively it is used to 
denote tumors that include different types of tissues, 
►teratoma 

Systems Biology: Studies biological mechanisms by 
monitoring gene, genome, protein, proteome and 
informational pathways systematically using all possi¬ 
ble, suitable means. The genes control metabolic 
functions and are associated with regulatory elements. 
The proteins may function in complexes and networks 
and through systems of interacting networks. The 
simplest controls of the genes are exercised through cis 
elements such as general and specific transcription 
factors. The genes are also subject to external signals 
(signal transduction). The different elements of these 
systems may change dynamically and thus physiologi¬ 
cal and developmental modifications arise such as 
in the healthy or pathologically affected conditions 
(Hood L et al 2004 Science 306:640). Systems 
biology separates the effects of noise, and permits 
the development of rational models and offers new 
approaches for controlling complex system of the cells, 
tissues and organisms using bioinformatics, biological 
and molecular methods. It permits prediction regarding 
emergent complex phenomena involving, and may 
enable preventive, predictive and personalized medi¬ 
cine. The components of the system may respond 
dynamically to different stimuli in time and space and 
follow different trajectories before steady state is 
reached (Barbano PE et al 2005 Proc Natl Acad Sci 
USA 102:6245). A new method has been developed 
for integration of multiple datasets by using a free 
software (POINTILLIST) package (Hwang D et al 
2005 Proc Natl Acad Sci USA 102:17296). The 
method was successfully applied to 18 datasets of 
galactose utilization of yeast involving mRNS, protein 
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abundance, genome-wide protein interaction data, etc. 
(Hwang D et al 2005 Proc Natl Acad Sci USA 
02:17302). Because of the rapid progress in experi¬ 
mental research and the increasing number of databases 
containing important relevant information, new bioin- 
formatic tools are indispensable for integration of the 
knowledge. The databases must be found and the data 
must be converted into forms suitable for integration by 
electronic means. Modem database management 
system must be expanded and appropriate interfaces 
must be used. The Trace Ensemble Server only on Unix 
system (http://trace.ensembl.org/) already contains 
more than one billion information about 759 species, 
►genetic networks, ►networks, ►dmg development, 
►ONDEX, ►databases; Recon H-InvDB Hood L, 
Galas D 2003 Nature [Lond] 421:444; Ideker T et al 
2001 Annu Rev Genomics Hum Genet 2:343; 
Shogren-Knaak MA et al 2001 Annu Rev Cell Dev 
Biol 17405; Philippi S Kohler 2006 Nature Rev Genet 
7:482; software standardization: Swertz MA, Jansen RC 
2007 Nature Rev Genet 8:235; http://bind.ca/; http:// 
www.cytoscape.org; network tool: http://biological 
networks.net/; system biology tool: http://babelomics. 
bioinfo.cipf.es/. 


Systems of Breeding: Sexual reproduction may be 
allogamous, autogamous, inbreeding, assortative mat¬ 
ing, hermaphroditic, monoecious and dioecious but 
reproduction may also be asexual, ►breeding system 

Systole: Contraction of the heart and the forcing of the 
blood into the arteries, ►hypertension 

SYT (synovial sarcoma): Oncogene in human chromo¬ 
some 18ql 1.2. Translocations t(X;18) (pi 1 ;ql 1) are 
common. Gains of 8q and 12q as well as losses of 13q 
and 3p are frequent. 

SZI: ►micromanipulation of the oocyte 

Szostak Model of Recombination (Szostak JW et al 1983 
Cell 33:25): A double break and repair model. It is 
applicable to transformational insertion of DNA 
molecules as well, as it can account for gene 
conversion and/or conventional recombination by 
outside marker exchange. The version of the model 
shown in Figure SI55 does not explain why in yeast 
5:3 gene conversion does not occur. (Saccharomyces 
cerevisiae has 4 spores per ascus but Schizosacchar- 
omyces pombe has 8 unordered ascospores.) 


Double-strand gap is opened and 3' ends 
are formed by an exonuclease 


Z>E. 

- r 


One of the strands grows at the 3'-end and 
invades a homologous duplex, displacing its 
old strand, a D loop 



Strand elongation continues by repair 
replication until it anneals to complementary 
sequences 


* Repair replication starting from the other 3'-end 
repairs the gap and branch migration generates 
two Holliday junctions. The junctions can be 
resolved by cutting either the inner (2nd and 3rd) 
^ strands or the outer (1 st and 4th) strands 




XT 




A 


As a result, either two non-crossover 




or two crossover chromatids are formed 

^ - 

~ * 

Figure SI 55. The Szostak et al model of recombination is based on double-strand breaks in contrast to the Holliday or the 
Meselson—Radding models that suggest single-strand breaks in the DNA 
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Other modified models of Szostak can account for 
these types of experimental data. Genetic recombi¬ 
nation in eukaryotes generally occurs by double¬ 
strand break. Radiation and various chemicals can 
increase the frequency of double-strand breaks. 


Double-strand breaks can also be increased in plant 
cells by transformation of a restriction endonuclease 
into the cell, ►recombination molecular models; 
Szostak JW et al 1983 Cell 33:25; Smith GR 2000 
Annu Rev Genet 34:243, see Fig. SI55. 



Historical vignettes 

Wilson EB 1896 The Cell in Development and 
Heredity. Macmillan, New York. 

“Now, chromatin is known to be closely similar 
to, if not identical with, a substance known as 
nuclein—which analysis shows to be a tolerably 
definite compound composed of nucleic acid 
(a complex organic acid rich in phophorous) and 
albumin [protein]. And thus we reach the remark¬ 
able conclusion that the inheritance may, perhaps, 
be effected by the physical transmission of a 
particular chemical compound from parent to 
offspring.” 

Linus Pauling’s letter to S Leonard Wadler on 
August 15 1966. (Cited after the Oregon State 
University Manuscript Collection). Pauling 
received Nobel Prize in 1954 for the nature of the 
chemical bond and again in 1962 for peace. 

“I have suggested that the time may come in the 
future when information about heterozygosity in 
such serious genes as the sickle cell anemia gene 
would be tattooed on the forehead of the carriers, so 
that young men and women would at once be 
warned not fall in love with each other.” 

Kingman JFC 2000 in Genetics 156, p 1463 
“Those who analyze stochastic models always lift 
their eyes from their equations to ask what they 
actually mean.” 







